The biology of Capitella capitata (Fabricius) and a review of the genus Capitella Blainville by Warren, Lynda M.
M.
Ph.D. THESIS
The b io logy  o f C a p i te l la  c a p i ta ta  (F a b r ic iu s )  
wi4b. a. review  o f th e  genus C a p i te l la  B la ia v i l le .
BEDFORD COLLESE 
UNIVERSITY OF LONDON 
MVRCH 1975
ProQuest Number: 10098288
All rights reserved
INFORMATION TO ALL USERS 
The quality of this reproduction is dependent upon the quality of the copy submitted.
In the unlikely event that the author did not send a complete manuscript 
and there are missing pages, these will be noted. Also, if material had to be removed,
a note will indicate the deletion.
uest.
ProQuest 10098288
Published by ProQuest LLC(2016). Copyright of the Dissertation is held by the Author.
All rights reserved.
This work is protected against unauthorized copying under Title 17, United States Code.
Microform Edition © ProQuest LLC.
ProQuest LLC 
789 East Eisenhower Parkway 
P.Q. Box 1346 
Ann Arbor, Ml 48106-1346
ABSTRACT.
The th e s i s  i s  concerned w ith  th e  ’b iology o f C a p i te l la  c a p ita ta  
in  B r i t i s h  w aters and th e  v a l id i ty  o f th e  genus C a p i te l la  through­
out th e  w orld .
M a te ria l from Europe, America and A u s tra l ia  has been examined 
and an ex ten siv e  review  o f th e  l i t e r a t u r e  on th e  taxonomy of 
C a p i te l la  has been made. As a r e s u l t  th e  generic  d e sc r ip tio n  has 
been m odified to  inc lude  th e  genus C a p i te l l id e s .
The d e sc r ip tio n  o f C .c a p i ta ta  has been widened to  account fo r  
v a r ia t io n s  between p o p u la tio n s  and th e  subspecies C. c a p i ta ta  ovinco la  
and C. c a p i ta ta  t r i p a r t i t a  have been e lev a ted  to  s p e c if ic  l e v e l .
An e co lo g ica l study  o f some B r i t i s h  p o p u la tio n s  has been made 
and i t  i s  shown th a t  w hile C. c a p i ta ta  w il l  occur under a  wide range 
o f c o n d itio n s , i t  i s  predom inant where o th e r p o lychae tes  a re  le s s  
common.
The l i f e  h is to ry  has been in v e s tig a te d  and i t  has been shown to  
reproduce in  B r i ta in  throughout th e  y e a r . Two la r v a l  types have been 
found.
The e f f e c ts  o f v a rio u s  eco lo g ica l f a c to rs  have been s tu d ie d  in  
th e  la b o ra to ry . Both a d u lts  and la rv a e  were found to  be r e s i s t a n t  
to  c o n d itio n s  o f low s a l i n i t y  and, e s p e c ia l ly , low oxygen te n s io n .
The sp ec ie s  i s ,  however, very s e n s i t iv e  to  in c re a se s  in  tem p era tu re .
The feed ing  b io logy  has been s tu d ie d  and an e stim ate  o f th e  
a v a ila b le  organ ic  co n ten t in  th e  s u b s tra te  made.
The re la t io n s h ip  o f th e  sp ec ie s  to  p o llu te d  co n d itio n s  i s  d is ­
cussed .
In  conclusion  i t  i s  no ted  th a t  C.c a p i t a ta  owes i t s  worldwide 
d is t r ib u t io n  to  i t s  a d a p ta b i l i ty  allow ing i t  to  p e n e tra te  a  v a r ie ty  
6f  h a b i ta t s .  T h is  same la ck  o f s p e c ia l is a t io n ,  however, makes i t  
u n su ccessfu l as a  com petito r w ith  sp ec ie s  more narrow ly adapted to  
p a r t i c u la r  s e ts  o f environm ental c o n d itio n s .
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1 . INTRODUCTION.
C a p i te l l a  c a p i ta ta  (F a b r ic iu s )  i s  a  cosm opolitan sp ec ie s  occ­
u rr in g  in  co ld  tem perate and warm w aters throughout th e  w orld. 
O r ig in a lly  d esc rib ed  by F a b r ic iu s  ( l ? 8o) in  h is  survey o f th e  fauna 
o f G reen land , i t  has s in ce  been recorded  in  many l o c a l i t i e s  in  th e  
A rc t ic ,  in c lu d in g  th e  White S ea ; B aren ts  Sea and K ara Sea along th e  
R ussian  c o a s t l in e  and in  A laska . Figw 23 shows th e  lo c a t io n  o f th e s e , 
and o th e r ,  p o in ts  o f d i s t r ib u t io n  more p re c is e ly .
F u r th e r  so u th , i t  i s  known from th e  N orth  Sea ( e .g .  th e  B r i t ­
is h  I s l e s  and H olland ) and extends in to  th e  B a l t i c .  I t  i s  w idely 
d is t r ib u te d  in  th e  warm tem perate w aters  o f th e  M editerranean , being 
found along th e  c o as ts  o f so u th ern  F ran ce , w estern  I t a l y  and Morocco, 
I t  has sp read  from th e  M editerranean  in to  th e  B lack Sea and th e  Sea 
o f Azov.
I t  has been re p o rte d  from bo th  s id e s  o f th e  N orth A tla n tic  Ocean. 
I n  th e  e a s t  i t  i s  found in  th e  H ebrides and o f f  th e  I r i s h  c o a s t .  On 
th e  w estern  seaboard o f America i t  i s  known from Labrador and Nova 
S c o t ia ,  and along t h i s  co as t th e  range extends much fu r th e r  sou th  to  
th e  warmer w aters o f th e  G u lf o f Mexico.
The sp ec ie s  i s  a lso  w idely d is t r ib u te d  in  th e  P a c if ic  Ocean.
There a re  many reco rd s  o f i t s  occurrence o f f  th e  C a lifo rn ia n  co as t 
and in  th e  w estern  P a c if ic  i t  i s  known from China and Ja p a n . A iyar 
( 1933) re p o rte d  th e  p resence  o f l a r v a l  s tag e s  o f th e  genus C a p i te l la  
from th e  c o as t o f Madras in  th e  Indo-P acificg^reg i*» ._J
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C a p i te l la  c a p i ta ta  i s  w ell known from th e  sou thern  hemisphere 
w ith  re c o rd s  from South  A fr ic a , A u s t r a l ia ,  New Zealand and th e  t ip  
o f South  A m erica. I n  th e  co ld er a n tib o re a l w aters i t  has been found 
in  South  G eorgia and th e  F a lk lan d  I s la n d s .
C .c a p i ta ta  i s  o fte n  a sso c ia te d  w ith  co n d itio n s  o f reduced s a l ­
i n i t y .  Thus Hartman (194?) d e sc rib e d  i t  as eu ry h a iin e  and went on 
to  say th a t  i t
"o ccup ies  beds o f co n sid erab le  e x te n t ,  e s p e c ia lly  in  e s tu a r in e  
and a lso  b ra c k ish  water" .
T h is  s ta tem en t i s  upheld by many re p o r ts  in  th e  l i t e r a t u r e .  .
Muus ( 1967) found i t  s c a t te re d  throughout th e  shallow  m esohaline 
w aters o f D anish e s tu a r ie s  and lag o o n s. Leppëikoski (1969) found, 
i t  a t  80m depth  in  th e  Bornholm b a s in  showing th a t  th e  sp ec ie s  can 
p e n e tra te  a  long way in to  th e  low s a l i n i t y  w aters o f th e  B a l t ic  
S e a . He ex p la in s  th e  depth d is t r ib u t io n  as an example o f "b rack­
is h  w ater submergence". I n  New Z ealand, E s tc o u rt ( 1967) found i t  
down to  a s a l i n i t y  o f 0 .4  ^ 0 0  in  th e  H eathcote e s tu a ry . F i l i c e  (1958) 
found Co c a p i ta ta  a t  th e  extrem es o f th e  s a l i n i t y  range o f th e  e s t ­
u a r in e  p o r tio n  o f th e  San F ran c isco  Bay, such th a t  i t  occurred  
down to  8 -  10 ° /oo  w ith  an average s a l i n i ty  o f 24°/oo and again  b e t­
ween Oo4 -  0 .6 ° /o o .  D esp ite  th e  range o f s a l i n i t i e s  to le r a te d  by 
th e  sp ec ie s  i t  i s  doub tfu l i f  any given  p o p u la tio n  i s  su b jec ted  to  
th e  complete ra n g e . Thus S tone and R eish  ( 1965) found th a t  r a in ­
f a l l  o f more than  0 . 3" reduced a p o p u la tio n  norm ally l iv in g  a t  
33*7 V o o , although  th e  au th o rs  could no t be su re  th a t  t h i s  was 
n o t due to  th e  in c reased  flow washing th e  p o lychae tes  away.
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T ru ly  cosm opolitan sp ec ie s  a re  r e la t iv e ly  uncommon and sev e ra l 
subspec ies  and v a r ie t i e s  have been e re c te d  to  account fo r  th e  d i f ­
fe ren ces  in  p o p u la tio n s  o f C .c a p i ta ta  from d if f e r e n t  reg io n s  ( f o r  
example see Wu 1964)• T h is  i s  p a r t i c u la r ly  t ru e  fo r  th e  deep w ater 
specimens found o f f  C a l i fo rn ia .  There i s ,  however, a  danger in  
s p l i t t i n g  th e  sp ec ie s  up too  fa r  so th a t  each p o p u la tio n  could be 
s e t  up as a  s e p a ra te  v a r ie ty .  On o f th e  main purposes o f th i s  
study  was to  examine th e  genus C a p i te l la  in  o rd e r to  a sse ss  the  
v a l id i ty  o f th e  su b sp ec ies .
C .c a p i ta ta  has re c e n tly  gained th e  in t e r e s t  o f e c o lo g is ts  
w ith  re s p e c t to  i t s  a b i l i t y  to  w ith stan d  p o llu te d  co n d itio n s .
There a re  many reco rd s  o f i t s  occurrence in  o rg a n ic a lly  r ic h  sub­
s t r a t e s  where th e  oxygen le v e ls  a re  low and reducing  co n d itio n s  
a re  in d ic a te d  by th e  b lack  c o lo ra tio n  and th e  sm ell o f hydrogen 
su lp h id e .
I t  i s ,  fo r  example, o f te n  encountered in  harbours and o th e r 
enclosed  a re as  o f w ater where organic p o llu t io n  i s  h ig h . Thus 
BlegvDad (1932) found i t  in  Copenhagen harbour and C o g n e tti (1972) 
d e sc rib e s  i t  from th e  very p o llu te d  w aters o f th e  in n er docks in  
th e  harbour a t  L ivorno . R e ish  has made an ex ten siv e  study  o f th e  
r e la t io n s h ip  o f C .c a p i ta ta  to  p o llu t io n  in  th e  Los Angeles-Long 
Beach harbour system . He proposed zones o f p o llu t io n  and desc­
r ib e d  th e  fauna a sso c ia te d  w ith  each (1933)* C .c a p i ta ta  was th e  
dominàtit organism in  th e  most p o llu te d  zone s t i l l  ab le  to  support 
l i f e .  S im ila r  s tu d ie s  have been desc rib ed  in  M a rse ille s  harbour 
(B e llan  I 967) and in  th e  p o llu te d  w aters o f th e  in lan d  se^  o f
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Jap an  (K itam ori and Frniae 1960). I n  each case C .c a p i ta ta  was ab­
undant in  th e  most p o llu te d  zones. The c o r re la t io n  between C .cap­
i t a t a  ^ d  p o llu te d  co n d itio n s  has le d  to  th e  id ea  th a t  i t  could be 
used as an in d ic a to r  o f o rg a n ic a lly  p o llu te d  c o n d itio n s . Wass 
( 1967) review s th e  l i t e r a t u r e  on th e  s u b je c t .  S ince  th en  Henrik*-; 
sson ( 1969) has shown a h igh  c o r re la t io n  between th e  occurrence o f 
C .c a p i ta ta  and numbers o f b a c te r i a  in  th e  Sound. -
The p ic tu re  i s  n o t, however, as c le a r - c u t  as i t  would f i r s t  
ap p ear. The sp ec ie s  i s  o f te n  found in  a r e a s ' where th e re  i s  no '. 
p o l lu t io n  a t  a l l .  F i l i c e  (1939) found i t  in  norm al, as w ell as 
p o llu te d , a reas  in  th e  San F ran c isco  Bay e s tu a ry  and R eish  and 
W inters (1934) found a  s im ila r  s i tu a t io n  in  th e  A lam itos Bay, 
C a l i fo rn ia .  Muus (19&7) could no t r e l a t e  i t . t o  p o llu te d  co n d itio n s  
a t  a l l  and W olff (1973) concluded th a t  th e  sp ec ie s  i s  o f doub tfu l 
use as an in d ic a to r .
Some experim ental work has been c a r r ie d  out on th e  response 
o f C .c a p i ta ta  to  p o llu t io n  (B e llan  e t  a l .  1972, R eish  1966,1970) 
b u t w ithou t any sound knowledge o f th e  g en era l biology, o f th e  
sp ec ie s  th e  r e s u l t s  cannot be r e la te d  to  f i e ld  c o n d itio n s . E is ig  
( 1887) made a  d e ta i le d  s tudy  o f th e  b io logy o f c a p i t e l l i d s  bu t 
p a id  l i t t l e  a t te n t io n  to  th e  ecology. S ince  then  very  l i t t l e  has 
been added to  our knowledge and i t  seemed w orthwhile to  in v e s t ig ­
a te  th e  ecology o f  t h i s  sp ec ie s  in  r e la t iv e ly  u n p o llu ted  c b n d it-  ; 
ions p r io r  to  co n sid erin g  any r e la t io n s h ip  w ith  p o l lu t io n .
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2 . REVIEW OF THE GENUS CAPITELLA.
2.1 In tro d u c tio n .
The fam ily  C a p i te l l id a e  was f i r s t  recogn ised  as a  taxonomic 
u n i t  in  I 863 when Grube d escribed  th e  th re e  known genera , C ap it­
e l l a , Notomastus and Dasybranchus under th e  name C a p i te lla c e a . 
S in ce  th en  tw enty-seven o th e r genera have been d e sc rib e d . H a rt­
man ( 1947) o u tlin e d  th e  p r in c ip a l  fe a tu re s  o f th e  fam ily , and th e re  
i s  no disagreem ent on th i s  p o in t .  The s ta tu s  o f th e  genus C ap ita  
e l l a  i s ,  however, open to  some d isp u te , and i t  i s  w ith  t h i s  genus 
and c lo se ly  r e la te d  ones th a t  th i s  review  i s  concerned. The gen­
e ra  in  q u estio n  a re  C a p i te l l a , C a p i te l l id e s  and B ra n c h io c a p ite lla * 
These a re  a l l  s im ila r  in  th a t  they  a l l  have a  th o rax  o f n ine  seg­
m ents, a l l  s e tig e ro u s , and they  a l l  p o ssess some form o f co p u la t-  
ory ap p ara tu s  on th e  l a s t  two th o ra c ic  segm ents. C apitom astus 
a lso  has g e n i ta l  hooks bu t in  th i s  in s tan ce  th e re  a re  te n  th o ra c ic  
segm ents, th e  f i r s t  being a se to u s . P u l l i e l l a  has th e  same number 
o f th o ra c ic  segments as C a p i te l la  b u t a  copu lato ry  apparatu s i s  
a b se n t.
A review  o f th e  l i t e r a t u r e  on C a p i te l la  and c lo se ly  r e la te d  ;• 
genera  i s  found in  th e  fo llow ing  s e c t io n s . In  some cases i t  has 
been p o s s ib le  to  examine type m a te r ia l .  Hartman (1947) b e liev ed  
th e  s t ru c tu re  o f th e  hooded hooks to  be one o f th e  b e s t  taxonomic 
c h a ra c te rs  a t  s p e c if ic  l e v e l .  R ecent advances in  th e  use o f scan­
n ing  e le c tro n  microscopy have enabled a much more d e ta i le d  examin­
a t io n  o f  th e  s t ru c tu re  o f th e  hooded hooks, and th i s  techn ique hajs
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been used whenever possible#- -
I n  a d d itio n  to  th e  type  m a te r ia l examined a  more d e ta i le d  study 
was made o f s e v e ra l European p o p u la tio n s . I t  i s  very  d i f f ic u l t ,  to  
a sse ss  th e  im portance o f a  g iven m orphological fe a tu re  when one i s  
study ing  a sm all sample o f f ix e d  m a te r ia l ,  e sp e c ia lly  when th e re  i s  
l i t t l e  o th e r a v a ila b le  in fo rm ation  on th e  p o p u la tio n . By tak in g  
la rg e r  samples from p o p u la tio n s  being s tu d ie d  e c o lo g ic a lly  i t  has 
been p o s s ib le  to  ev a lu a te  th e  v a r ia t io n  o f some fe a tu re s  s t a t i s t ­
i c a l l y .  Three B r i t i s h  p o p u la tio n s  have been t r e a te d  in  th i s  way. 
These a re  from Plymouth, W h its tab le  and Anglesey (se e  F ig s .  24 -  2 6 ). 
The lo an  o f a  very  la rg e  sample o f  m a te r ia l from th e  Dutch d e lta  
a re a  has made p o ss ib le  a  s im ila r  study  on a  N orth  Sea p o pu la tion  
(s e e  F ig .  12 ).
2 .2  M a te r ia ls  and Methods.
2 .2 .1  The s t ru c tu re  o f th e  hooded hooks.
( The b a s ic  s t ru c tu re  o f th e  hooded hooks i s  g iven  in  F ig .  1 ) .
Both B r i t i s h  and, where a v a ila b le , fo re ig n  worms were used . I n  
most cases one or two worms from each p o p u la tio n  were examined. 
F u r th e r  d e ta i l s  a re  given in  Table 1.
I t  i s  im portan t when comparing hooks from d if f e r e n t  specimens 
to  ensure th a t  th e  m a te r ia l i s  taken  from th e  same re g io n , as 
v a r ia t io n  i s  known to  occur in  some sp ec ie s  according  to  th e  seg­
ment (P e ttib o n e  1933)* M a te ria l was th e re fo re  always taken  from 
th e  th i r d  abdominal segment. S im ila r ly , mature worms o f approx­
im ate ly  th e  same age and sex were.examined as i t  i s  p o s s ib le  th a t
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th e  setcuL s tru c tu re  may vary  w ith  s iz e ,  age and sexual co n d itio n  
(R eish  1954).
In  a d d itio n  to  examining th e  v a r ia t io n  between in d iv id u a ls , 
th e  im portance o f th e  p o s it io n  o f th e  hooks was a lso  in v e s tig a te d  
by examining th e i r  s t ru c tu re  along th e  le n g th  o f a  worm. The e ff^  
e c t o f age was a lso  s tu d ie d  by tak in g  hooks from yOung worms and 
comparing th e se  w ith  some from a d u l ts .
For l i g h t  microscopy a  sm all s e c tio n  of body w a ll, to g e th e r 
w ith  th e  p a rap o d ia l r id g e ,  was removed from the  th i r d  abdominal 
segment o f th e  worm. I n  most cases th e  m a te r ia l had been fix ed  
in  4 ^  fo rm alin  in  seaw ater and t r a n s fe r re d  to  70 % a lcoho l a f t e r  
two o r th re e  days, bu t o ccas io n a lly  worms fix e d  in  70 % a lcoho l 
were used . In  th e  case o f th e  fo re ig n  m a te r ia l d e ta i l s  o f f ix a t ­
ion  were no t known b u t th e  specimens had been s to re d  in  a lco h o l in  
every in s ta n c e . The p iece  o f body w all was mounted on a  s l id e  in  
p o ly v in y l-lac to p h en o l s ta in e d  w ith  l ig n in  p in k . T h is  mountant 
has th e  advantage o f rem aining p l ia b le  so th a t  specimens can be 
moved a f t e r  mounting by ex e rtin g  l i g h t  p re ssu re  on th e  c o v e rs lip . 
T h is i s  p a r t i c u la r ly  u se fu l in  th e  study o f hook s tru c tu re  s in ce  
th e  hooks tend  to  l i e  on th e i r  s id e s  and i t  id  only by such man­
ip u la t io n  th a t  th e  hooks can be made to  l i e  f l a t  w ith  th e  fang 
p re se n tin g  i t s e l f  in  f r o n ta l  view.
The m a te ria l was examined under o i l  immersion w ith  phase con t­
r a s t .
For s te reo sc an  microscope s tu d ie s  se c tio n s  o f body w all were
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removed in  th e  same way fo r  la rg e r  worms and fo r  sm all specimens, 
e i th e r  th e  whole worm or th e  whole o f abdominal segment th re e  was 
used .
The m a te r ia l was then  washed thoroughly  in  d i s t i l l e d  w ater 
s t r a ig h t  from 70 % a lc o h o l. T h is i s  u n lik e ly  to  cause any d ra s t ic  
damage to  a  hard  s t ru c tu re  such as th e  hooks and seemed more e f f r  , 
i c ie n t  a t  removing d i r t  and dust adhering  to  th e  specim ens. Two 
fu r th e r  r in s e s  in  d i s t i l l e d  w ater follow ed and th e  m a te ria l was 
then  mounted on to  a  s tu b  u sing  doub le-sided  s e l lo ta p e .  A fte r  
ra p id  a ir -d ry in g  th e  s tu b s  were coated  w ith  a  gold-pallad ium  mix­
tu re  u sing  an Edwards co a tin g  ap p a ra tu s , model 306 and examined on 
a  Cambridge Scanning E le c tro n  M icroscope (S te re o sc a n ) , model S4 /1 0 .
2 .2 .2  The s t ru c tu re  o f th e  v i l l i  on C a p i te l la  'v i l l o s e ' .
I n  a d d itio n  to  exam ination under th e  l i g h t  m icroscope a  sm all 
sample was p repared  fo r  scanning e le c tro n  m icroscopy. Two segments 
from th e  end o f a  worm were t r a n s fe r re d  p ro g re ss iv e ly  from 70 % 
a lco h o l to  100 ^  acetone and th e  specimen was then  d rie d  in  a 
P o la r  on c l r i t ic a l  p o in t d r i e r .  The sample was then  a tta ch e d  to  a  
s tu b  w ith  s i lv e r  dag and coated  w ith  gold  /p a lla d iu m , and examined 
as  above.
2 .3  H is to r ic a l  review  o f th e  genus C a p i te l l a .
The f i r s t  r e l i a b le  mention o f th e  fam ily C a p ite l l id a e  was by 
F a b r ic iu s  in  178O. He gave a  d e sc r ip tio n  o f C a p i te l la  c a p i t a ta , 
as Lumbricus c a p i ta tu s , from specimens c o lle c te d  in  G reenland.
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He mentioned an e a r l i e r  work by O lafsen  (1774) in  which th e  sp ec ie s  
i s  re p o rte d  from Ic e la n d  as Lumbricus l i t t o r a l i s  m inor. However, 
the  d e sc r ip tio n  i s  very  sketchy and i t  i s  d i f f i c u l t  to  be c e r ta in  
th a t  O lafsen  i s  r e f e r r in g  to  C .c a p i ta ta .
The r e la t io n s h ip  o f th e  genus to  o th e r an n e lid  genera rem­
a ined  a problem fo r  some tim e . I n  1820 Savigny decided th a t  i t  
was most l ik e  th e  genus Clymene in  th e  fam ily  M aldanidae.
B la in v i l le  e re c te d  th e  genus C a p i te l la  in  1828. He d id  no t 
examine th e  worm h im se lf , bu t based h is  d e sc r ip tio n  on th a t  o f 
F a b r ic iu s ,  a l te r in g  th e  s p e c if ic  name to  C . f a b r i c i i . Because o f 
th e  b re v ity  o f F ab ric iu s*  d e sc r ip tio n  B la in v i l le  had d i f f ic u l ty  
in  c la s s ify in g  h is  new genus bu t te n ta t iv e ly  suggested  th a t  i t s  
la c k  o f b ranch iae  should p lace  i t  near Clymene. The presence of 
a  sandy tu b e , however, le d  him to  inc lude  i t  in  th e  same o rder as 
th e  s a b e l l id s  and s e rp u lid s .
O ersted  (l842) merely added to  th e  confusion over th e  c la s s ­
i f i c a t i o n .  He d iv ided  th e  o lig o ch ae te s  in to  th re e  groups: -  
T e r r ic o la e , L u m b ric illae  and N aides. C.c a p i t a t a , described  here 
as  Lum briconais m arina, was con tained  in  th e  N aides and was b e l­
ieved  to  form a  t r a n s i t io n  between th e  l a t t e r  and th e  L u m b ric illa e . 
O ersted  thought th a t  Lumbricus c a p ita tu s  F a b r ic iu s  was synonymous 
w ith  h is  G lycera  c a p i t a ta .
F rey  and L euckart (1847) d iscovered  C .c a p i ta ta  in  H eligo land  
and were th e  f i r s t  to  reco g n ise  th a t  th e  sexes were s e p a ra te .
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They r e a l is e d  th a t  F a b r ic iu s  and O ersted  were both d esc rib in g  the 
same sp ec ie s  and acco rd in g ly  e re c te d  the  name Lumbriconais c a p i ta ta . 
Leuckart (1.849) emphasised t h i s  fa c t  fu r th e r  by s ta t in g  th a t  F a b ri­
c iu s ' d e sc r ip tio n  does not apply  to  G lycera c a p i ta ta  O ersted  but in ­
s tea d  to  Lum briconais marina O ersted .
S h o rtly  b e fo re  t h i s  Nardo (184%) desc rib ed  Lombricus canalium 
( a m is -sp e llin g  o f Lumbricus canalium ) from the  A d r ia tic .
Grube ( 1863) examined th e  m a te r ia l and concluded th a t  i t  was C. 
c a p i t a ta .
In  l846 Grube d iscovered  a second c a p i t e l l i d  genus, Dasybran­
chus. The p resence o f fe a th e ry  g i l l s  le d  him to  p lace  i t  in  the  
fam ily  T e le thusa  along w ith  A ren ico la . S h o rtly  a f t e r ,  S ars  ( 1830) 
d esc rib ed  a th i r d  genus, Notom astus, and recogn ised  i t s  s im ila r i ty  
to  Dasybranchus.
The r e la t io n s h ip  o f C a p i te l la  to  th ese  genera was no t obvious ; 
fo r  some tim e . Thus in  185I Grube p laced  i t  in  the  o lig o ch ae te  
N aidea, bu t l e f t  Dasybranchus in  the  T e le th u sa . '
The main d i f f i c u l ty  in  c la s s ify in g  C a p ite l la  la y  in  the  la c k  
o f s u f f ic ie n t  in fo rm ation  on i t s  morphology. S u p e r f ic ia l ly  the 
genus b ears  a s tro n g  resem blance to  the o lig o ch ae te s  and a deeper 
knowledge o f th e  anatomy was needed to  d isp e l th i s  n o tio n . Bene- 
den ( 1837) gave an account o f the n a tu ra l  h is to ry  o f C .c a p i ta ta  
n o tin g , in  p a r t i c u la r ,  the  la c k  of any v a sc u la r  blood system; the  
presence o f sep a ra te  sexes and th e  la r v a l  development follow ed by
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m etam orphosis, a l l  o f which suggest a po lychaete  r a th e r  than 
o lig o ch ae te  s to ck . He dism issed  a l l  the  ev idence, however, and • 
concluded th a t  F a b ric iu s  was c o rre c t in  showing the a f f i n i t y  of 
C a p i te l la  to  Lum bricus, a lthough  he accepted  th a t  i t  might re p re se n t 
a t r a n s i t io n  between the  lu m b ric id s  p roper and the  p o ly ch ae tes . 
Beneden was, in  any ev en t, the  f i r s t  au th o r to  use the  com bination 
C a p ite l la  c a p i t a ta . He a lso  e re c te d  ano ther sp e c ie s , C .f im b r ia ta , 
to  the  genus. D'Udekem (l839) p laced  both  sp ec ie s  in  the  " Annel­
id a s  s e t ig e re s  abranches " o f C uvier, although he did  subdivide the  
group so th a t  C a p i te l la  was sep a ra ted  from the  lu m b ric id s , t u b i f - . r 
i c id s ,  en ch y trae id s  and n a i id s .
Claparbde ( 1861) examined specimens o f C .c a p i ta ta  from the 
H ebrides. He found h im se lf in  c lo se  agreement w ith  Beneden over 
m orphological d e ta i l s  but could not in te r p r e t  h is  r e s u l t s  in  the 
same way. He was im pressed by the  n a tu re  o f the  se tae  and saw a 
resem blance to  m aldanids in  the  sw ellin g s  around the  hooks. He 
concluded th a t  one could p o ss ib ly  e re c t a new fam ily fo r  c a p i t e l l i d s  
under th e  name " Abranches po ly ch etes  " .
The fam ily  C a p ite ll id a e  as  now understood was proposed by 
Grube in  1863 . He made a d e ta i le d  study o f the  anatomy o f C .cap­
i t a t a  and was s tru c k  by the  resemblance to  Dasybranchus and Noto­
m astus. He was convinced o f t h e i r  a f f i n i t y  w ith  the p o lychae tes  
and p laced  them in  the  fam ily  C a p ite lla c e a , which he b e liev ed  was 
c lo se ly  r e la te d  to  the  A ren ico lae .
In  the  same year Carus and G erstack er proposed an e n t i r e ly
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d if f e r e n t  c l a s s i f i c a t io n  which re s u lte d  in  the  th re e  c a p i t e l l i d  
genera being  p laced  in  sep a ra te  fa m ilie s , w ith  C a p ite lla  in  the 
H alelm inthea, w ith  the  o p h e liid  Polyophthalmus and some o ligoch­
a e te s -  Furtherm ore t h i s  fam ily  was in  a  sep a ra te  c la s s  from th e ' 
one co n ta in in g  Dasybranchus and Notomastus. Although the  au th o rs  
were probably  unaware o f Grube * s work th e i r  s e p a ra tio n  o f the  cap­
i t e l l i d  genera makes the  c l a s s i f ic a t io n  com pletely unaccep tab le .
I t  i s  ^ow only o f h i s to r i c a l  i n t e r e s t .
In  1863 Johnston r e c la s s i f i e d  C .c a p i t a t a , which he had prev­
io u s ly  desc rib ed  as  Lumbricus l i t t o r a l i s  ( 1827) and L .c a p ita tu s  
( 1835) a s  V alla  c i l i a t a  in  the fam ily  Lum bricidae. He d id  not 
r e f e r  to  the  work o f C laparède o r Grube and i t  seems l ik e ly  th a t  
h i s  scheme was drawn up w ithout any knowledge o f the  c u rre n t l i t ­
e ra tu re .
In  1862 K e fe rs te in  desc rib ed  ano ther sp ec ie s  of C a p i te l l a , 
C .rubicunda. Claparbde ( 1863) a lso  d escribed  t h i s  sp ec ie s  but 
b e liev ed  i t  to  be synonymous w ith  Notomastus la te r ic e u s  S a rs , a 
view which i s  now g e n e ra lly  accep ted . Clapar&de (1864) fu r th e r  
added to  the  genus w ith  th e  d e sc r ip tio n  o f C .f i l i f o rm is  and in  
1868 d esc rib ed  more c a p i t e l l i d s  from the G ulf o f N aples. He noted 
th a t  specimens from th e  M editerranean d if f e r e d  in  s iz e ,  and in  type 
and arrangem ent o f se tae  on the  th o ra x , from m a te r ia l he had exam­
ined  in  the  H ebrides, but b e liev ed  the  d if fe re n c e s  were in s u f f ic ­
ie n t  to  w arrant the  e re c tio n  o f a  new sp e c ie s . He d id , however, 
d esc rib e  two new sp ec ie s . The f i r s t ,  C .co s tan a , i s  d is tin g u ish e d  
by the  g re a t e lo n g a tio n  o f th e  mid-body segments and by the  po ss-
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ess io n  o f a d i f f e r e n t  type of s e ta  in  a d d itio n  to  th e  c a p i l l a r ie s  
and hooded hooks. The second sp e c ie s , C. manor, was d escribed  from 
two fragm ents only and C laparede expressed doubt as  to  i t s  c o rre c t 
p la c in g  in  th e  genus C a p i te l la .
C zerniavsky ( 1881) follow ed up th e  in fo rm ation  given by C lap- 
arède  on re g io n a l d if fe re n c e s . He described  th e  c a p i t e l l i d  fauna 
o f th e  B lack Sea and proposed th re e  new sp ec ies: -  C .p ro to ty p e ,
C.s im i l i s  and C .in te rm ed ia . I n  additiop . he recogn ised  a subspecies 
o f C. c a p i ta ta  which he named C .c a p ita ta  suchumica. He a lso  reviewed 
th e  l i t e r a t u r e  on C.c a p i ta ta  and decided th a t  th e  sp ec ie s  r e a l ly  
inc luded  s e v e ra l v a r i e t i e s .  Thus Lum briconais marina O ersted  
became C«c a p i ta ta  danica and th e  m a te r ia l from W estern Europe ex­
amined by Beneden was named C .c a p ita ta  b e lg ic a . R e fe rr in g  to  th e  
. v a r ia t io n  found by Clapar&de, C zerniavsky decided th a t  th e  d if f e r e n t  
forms could be sep a ra ted  and named them C .c a p i ta ta  hebridarum and 
C .c a p i ta ta  n e a p o lita n a .
The wide d is t r ib u t io n  o f C.c a p i ta ta  was in d ic a te d  by Webster 
and B ened ic t (1884) who recorded  i t  on th e  e a s t co as t o f N orth 
A m erica. P rev io u s ly  V e r r i l l  had described  c a p i t e l l i d s  from the  
same a re a . I n  18?4 he mentioned C .c a p i ta ta  under the*name Anoist r i a  
a cu ta  b u t in  188O he changed th i s  to  N otom astu i^acuti^  and d escribed  
ano ther p o ss ib le  C a p i te l la  sp ec ie s  as N .g r a c i l i s .
The known d is t r ib u t io n  o f th e  genus was extended even fu r th e r  
by th e  d iscovery  o f aX species from th e  A n ta rc t ic .  T h is was b r ig -  Z
1 • -
in a l ly  desc rib ed  as  Isom astus perarm atus G rav ie r ( 191I ) , bu t
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.Hartman (1939a), in  h e r cata logue, r e f e r r e d  to  i t  a s  C .p e ra rn a ta .
A sp ec ie s  from th e  w estern  U nited  S ta te s  was d escribed  by 
Johnson ( 19OI) who e rec ted  th e  sp ec ie s  Codizonata fo r  a  s in g le  
incom plete specimen found in  th e  Puget Sound re g io n . Another 
sp e c ie s , C.minima, which was d is tin g u ish ed  by th e  presence  o f a 
co p u la to ry  appara.tus in  bo th  sex es , was desc rib ed  from M adeira by 
Langerhans (1 880) •
More re c e n t ly , B oletzky and Dohle ( 1987) have d iscovered  a 
herm aphrodite sp e c ie s , C .herm aphrodita , .from th e  sou th  o f F rance 
and Hartman and Fauchald  (1971) have given th e  name C .ab e rran ta  
to  a  specimen found in  deep w ater in  th e  N orth  A t la n t ic .
Many more subspecies have been d esc rib ed . I n  1930» Monro 
re p o rte d  th e  p resence o f C .c a p ita ta  a n ta r c t ic a  in  ke lp  h o ld fa s ts  
o f f  South  G eorg ia . Hartman has described  sev e ra l subspecies from 
American w a te rs . Two o f th e se , C .c a p ita ta  ov inco la  Hartman (1947) 
and C. c a p i ta ta  f lo r id a n a  Hartman ( 1939b) a re  known only from squid  
egg m asses. C. c a p ita ta  t r i p a r t i t a  Hartman ( 196I&) i s  described  
from deeper w ater o f f  sou thern  C a l ifo rn ia ,  m ainly in  muddy sands, 
and C. c a p i ta ta  o cu la ta  Hartman ( 196I&), a  subspecies p a ra s i t iz e d  
by th e  copepod M o n s tr illa  c a p i t e l l i c o la , was found in  th e  same a rea  
a s  C o ca p ita ta  t r i p a r t i t a .
S in ce  then  Hartman ( I 96lb) has described  a d d it io n a l v a r ie t ie s  
o f C .c a p i t a ta , such as  C .c a p i ta ta  'punctate*  and 0 .c a p i ta ta  'v i l l o s e '  
and in  1971 Hartman and Fauchald  recorded  th e  occurrence o f Cap i t -
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e l l a  *near c a p i ta ta *o
A Japanese  subspecies was described  by K itam ori ( 1960) from 
specimens c o lle c te d  in  p o llu te d  w aters in  the  In la n d  S ea .
I n  1964 Wu review ed th e  l i t e r a t u r e  on th e  d is t r ib u t io n  o f 
Coc a p i ta ta  and e rec ted  a new subspecies fo r  European p o p u la tio n s ,
C. c a p i ta ta  europaea. He did. no t accep t the v a l id i ty  o f C oc a p ita ta  
.jap on ic a  bu t concluded th a t  i t  was synonymous w ith  C .c a p i ta ta  
c a p i t a t a , a  subspecies w ith  a  wide d is t r ib u t io n  in  th e  N orth Pac­
i f i c .  He a lso  d escribed  a p o ss ib le  subspecies from South A fric a  
based on a  d e sc r ip tio n  by Day ( 1961)0
Hartman (l951 , 1959a» 19&5 ) summarized th e  l i t e r a t u r e  on 
c a p i t e l l i d s .  I n  th e  fo llow ing  se c tio n  th e  p re sen t s i tu a t io n  i s  
o u tlin e d  and some e a r l i e r  d e sc r ip tio n s  a re  examined in  th e  l ig h t  
o f more re c e n t in fo rm atio n .
2 .4  . S ystem atic  d iagnoses.
Throughout t h i s  account C r e f e r s  to  c a p il la ry  s e ta ;  H to  hooded 
hook; G to  g e n i ta l  hook and M to  mixed. T his in d ic a te s  e i th e r  bun­
d le s  co n ta in in g  bo th  c a p i l l a r i e s  and hooks o r segments w ith  c a p i l l ­
a ry -c o n ta in in g  bundles and ones made up o f hooks on ly .
2 .4 .1  C a p i te l la  B la in v i l le .
The d e sc r ip tio n  given by Hartman (1947) o u tlin e s  th e  main f e a t ­
u re s  o f t h i s  genus as i t  was then  known.
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B r ie f ly , th e  genus i s  ch a rac te riz ed  by th e  presence o f a  
th o ra x  o f  n ine  se tig e ro u s  segments o f which th e  f i r s t  seven have 
c a p i l la r y  s e ta e .  Hooded hooks a re  p re sen t on p o s te r io r  th o ra c ic  
segm ents, sometimes forming mixed bundles w ith  c a p i l l a r i e s .  In  
th e  e ig h th  and n in th  notopodia o f th e  m ale, g e n i ta l  hooks re p la ce  
th e  hooded hooks. In  th e  abdomen hooks l ik e  those  o f th e  th o rax  
a re  found e x c lu s iv e ly .
The prostomium i s  a  co n ica l lobe w ith  or w ithout eyes in  th e  
a d u lt  s ta g e ; nuchal s l i t s  a re  poorly  developed. L a te ra l  sense 
organs a re  a b se n t. N ephrid ia  a re  polym eric in  some abdominal 
segments bu t th e  openings a re  no t c le a r ly  v i s ib le .  G e n ita l ap­
e r tu re s  a re  r e s t r i c t e d  to  th e  l a s t  two o r th re e  th o ra c ic  segments.
B ranchiae a re  a b se n t.
2 .4 .1 .1  C a p i te l la  c a p i ta ta  ( F a b r ic iu s ^1780 ) .
F or synonyms see  h i s to r i c a l  review  (s e c tio n  2 . 3) .
The o r ig in a l  d e sc r ip tio n  by F a b ric iu s  i s  no t s u f f ic ie n t ly  
d e ta i le d  to  d e fine  th e  sp ec ie s  a c c u ra te ly , and th e  d e sc r ip tio n  
given  by E is ig  ( 1887) i s  perhaps th e  most comprehensive. H is 
d e sc r ip tio n  i s ,  o f cou rse , based on European specimens and some 
d if fe re n c e s  have been recorded  fo r  more w idely d is t r ib u te d  popul­
a t io n s .  N ev e rth e le ss , E i s ig ’ s d e sc rip tio n  p rov ides a  good b a s is  
fo r  d iscu ss io n  and i s  summarized below.
The prostomium i s  a  f la t te n e d  co n ica l lobe  w ith  eyes c le a r ly  
v i s ib le  in  sm aller in d iv id u a ls . Of th e  n ine  th o ra c ic  segments 
s ix  b ear only c a p i l l a r ie s  and th e  seventh  u su a lly  has a  m ixture
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o f c a p i l l a r i e s  and hooks. Segments e ig h t and n ine bear hooded 
hooks only  in  th e  female bu t in  th e  male th ese  a re  rep laced  in  
th e  no topodia  by g e n i ta l  hooks. The abdomen has hooded hooks 
o n ly .
G e n ita l openings in  th e  female a re  found l a t e r a l l y  between 
segments seven and e ig h t and in  mature in d iv id u a ls  th e  ep ithelium  
around th e  openings i s  very sw ollen . I n  th e  males th e  g e n ita l  
opening i s  d o rsa l a t  the  cen tre  of th e  g e n ita l  sp in e s .
The maximum le n g th  i s  70 mm w ith  a  w idth o f 2 mm b u t len g th s  
in  th e  range o f 20 to  40 mm a re  more u su a l.
Hartman (194-7) gave a key to  th e  known sp ec ie s  o f Cap i t  e l l a  
b u t she gave no d e ta i le d  d e sc r ip tio n  o f Co c a p i ta ta . She d id , 
however, g ive an. account o f th e  s e t a l  s tru c tu re  o f worms from 
th e  w estern  seaboard o f N orth  America. The p re c ise  lo c a tio n  of 
th e  p o p u la tio n  i s  no t g iven . No o th er in form ation  on th i s  pop­
u la t io n  i s  a v a ila b le  a lthough i t  may be assumed from th e  key 
th a t  some, bu t no t a l l ,  o f th e  worms had mixed s e ta e  on segment 
seven.
B erkeley  and B erkeley (1952) re p o rte d  C .c a p i ta ta  from Van­
couver. T h e ir d e sc r ip tio n  gave a th o ra c ic  s e t a l  form ula o f 
 ^ 8 -  9G /H w ith  no mixing o f s e ta l  types on segment seven.
P e ttib o n e  (1954) d esc rib es  a  pop u la tio n  from P o in t Barrow, 
A lask a . Thd,s ag rees w ith  European pop u la tio n s  o f C .c a p ita ta  
in  th a t  th e  s e ta l  form ula i s  1 -  7C 8 -  9^ /H o r 1 - 6 C 7 ^ 8 - 9 S  / H
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but g e n i ta l  hooks were p re sen t on a l l  th e  specimens examined, male 
o r fem ale, suggesting  th e  genus C a p i te l l id e s . However, in  view o f 
th e  la r g e r  number o f g e n ita l  hooks p re sen t on th e se  worms, P e t t i ­
bone r e f e r s  them to  C .c a p i ta ta .
T h is  problem i s  d iscussed  more fu l ly  below, in  se c tio n  2 .7 , bu t 
i t  may be noted  here  th a t  w hile th e  genus Cap i t  e l l a  may apply to  
th e se  worms th e  presence o f g e n ita l  hooks in  bo th  sexes must p lace  
them in  a  d i f f e r e n t  sp e c ie s .
I  have examined specimens o f C .c ap .'.Lata from v ario u s  s i t e s  in  
Nova S c o t ia ,  Canada. L arger specimens ( th o ra c ic  le n g th  g re a te r  
th an  7 n™ ) a l l  had c a p i l la r ie s  only dn th e  f i r s t  seven segments 
b u t in  two c o lle c tio n s  o f sm aller worms ( th o ra c ic  le n g th  1 .9  -  
2 .6  mm) some worms had hooded hooks as w ell as c a p i l l a r ie s  on 
segment seven.
One specimen was o f p a r t ic u la r  i n t e r e s t .  T h is had been c o l l ­
ec ted  from th e  H a lifax  a rea  o f Nova S c o tia  and was la b e l le d  as 
id e n t i f ie d  as C .c a p ita ta  by P e ttib o n e . I t  was a very la rg e  spe­
cimen w ith  a  th o ra c ic  le n g th  o f 15*5 mm. I t  was incom plete bu t th e
t o t a l  le n g th  fo r  f o r ty - f iv e  segments was 67 mm. The th o ra c ic  s e t a l
form ula was: -
1 -  7C 8 -  9G in  th e  notopodium and
1 -  7C 8 -  9H in  th e  neuropodium.
The g e n i ta l  hooks were very sm all and d i f f i c u l t  to  s e e . There 
were two p a i r s  in  each segment.
W hite sw ellin g s  were p re sen t l a t e r a l l y  on segments seven and
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e ig h t and th e  abdomen contained  developing eggs.
T h is  d e sc r ip tio n  suggests a change o f sex from female to  male 
ai’d i s  rem in iscen t o f th e  co n d itio n  seen in  a  p o p u la tio n  from
W h its tab le  (se e  se c tio n  2^5.2 ) .  The sm all s iz e  o f th e  g e n ita l  
hooks in d ic a te s  th e  development o f male c h a r a c te r is t ic s  bu t the  
la rg e  s iz e  o f th e  worm shows th a t  i t  i s  no t a young in d iv id u a l. 
Furtherm ore th e  w hite sw ellings a re  only found in  female worms 
and th e  developing eggs confirm th e  female sex . I t  i s ,  o f cou rse , 
p o s s ib le  th a t  th i s  worm i s  th e  same type as those  d escribed  by 
P e ttib o n e  from P o in t Barrow. However, in  th i s  in s tan ce  th e  gen­
i t a l  hooks a re  very sm all, both  in  s iz e  and number, and obviously 
n o t f u l ly  formed. No developing sperm were found in  th e  coelomic 
f lu i d  o f th e  worm. The worm i s ,  th e re fo re , ' in  th e  p rocess o f acq­
u ir in g  male c h a r a c te r i s t ic s .  Whether th e  development o f th e  eggs 
would have continued i s  no t known. U sually  in  th i s  sp ec ie s  males 
can be recogn ised  a t  a  sm aller s iz e ,  and thus an e a r l i e r  age, than  
fem ales. I f  t h i s  specimen i s  a  contemporary herm aphrodite th e re ­
fo re , i t  i s  s tran g e  th a t  the female fe a tu re s  have developed f i r s t .
. D r. H utchings (p e r s .  comm.) has examined A u s tra lia n  pop u la tio n s  
o f Coc a p i ta ta  and re p o r ts  consid e rab le  v a r ia t io n s  e sp e c ia lly  in  th e  
P o r t  P h i l ip  p o p u la tio n . I  have examined two specimens (a  male and 
a  fem ale) from South A u s tra l ia .  These d i f f e r  from European spec­
imens in  having c a p il la ry  se ta e  on segment e ig h t w ith  a  th o ra c ic  
s e t a l  form ula of: -
1 -  7C 8 -  9G in  th e  notopodia
1 _ . 6C 7 -  8M 9H in  th e  neuropodia in  th e  male and: -
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1 -  70 8M 9H in  th e  notopodia 
1 -  70 9H in  th e  neuropodia in  the  fem ale.
They th u s  agree  w ith  the  d e sc rip tio n  o f C .perarm ata . a lso  from 
th e  so u th ern  hem isphere. I t  must be assumed th a t  th e se  specimens 
belong to  th e  l a t t e r  sp e c ie s .
Wu (1964) diagnoses th e  main fe a tu re s  o f C .c a p ita ta  c a p i ta ta , 
th e  most im portan t o f which i s  th e  presence o f c a p i l la r ie s  only
on th e  f i r s t  seven segm ents. Wu's d e f in i t io n  i s  thus more r e s ­
t r i c t i v e  than  th e  ones above and, o f th e se , a p p lie s  only to  the  
d e sc r ip tio n  o f B erkeley and B erkeley .
C a p i te l la  c a p i ta ta  su b sp ec ies .
The lo c a tio n  and l i t e r a t u r e  o f each o f th ese  i s  summarized 
in  T able 2.
C b ca p ita ta  ov inco la  Hartman .1 9 4 ?  .
T h is  was o r ig in a lly  described  by Hartman (194?) as  a  new 
sp ec ie s  bu t she subsequently  r e fe r re d  i t  to  th e  su b sp ec ific  
l e v e l .
I t  d i f f e r s  from 0 .c a p i ta ta  in  being much la rg e r  (b u t see
C .c a p i ta ta  o cu la ta ) , 60 mm fo r  a mature in d iv id u a l, and in  hav- 
»
ing  g re a t ly  e longated abdominal segments which a re  th re e  tim es , 
a s  long  as  wide and a re  a lso  th ic k e r  than  in  C .c a p ita ta  c a p i ta ta . 
Hooded hooks extend fu r th e r  forward in to  th e  th o rax  and a re  p re ­
s e n t in  th e  s ix th  and seventh  segments and in  some cases th e  f i f t h ,  
There a re  fou r or f iv e  p a ir s  o f g e n ita l  hooks in  th e  e ig h th  and 
th re e  o r four p a ir s  on th e  n in th  segment. These a re  s l ig h t ly
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d if f e r e n t  in  s t ru c tu re  in  th a t  they  show fewer c r o s s - s t r i a t io n s  
th an  in  C .c a p i ta ta  c a p i t a ta . The s tru c tu re  o f th e  hooded hooks 
i s  d i f f e r e n t ,  C .c a p i ta ta  c a p i ta ta  having th re e  te e th  above th e  fang 
and C .c a p i ta ta  ov inco la  having four or f iv e .  These a re  i l l u s t r a t e d  
in  F ig s .  1 and 2 .
T h is subspec ies  i s  a lso  d i f f e r e n t  in  i t s  h a b i ta t ,  being found 
only in  squ id  egg m asses.
I  have examined tw enty paratyp 'es o f th i s  su b sp ec ies . The 
range o f s e t a l  arrangem ent on th e  th o rax  was q u ite  la rg e  (see  
Table 3 ) .
TABLE 3o T horacic s e t a l  arrangem ent in  C .c a p ita ta  o v inco la .
S e ta l  arrangem ent Numbers o f worms
1 - 4 C 3 - 7 M 8 - 9 G / H 7
1 - 3G 6 - 7M 8 - 9G/ H 8
1 - 3 C 6 - 7 M 8 - 9 H 1
1 -  3C 4 -  8 -  9G / H 3
1 -  30 4 -  8 -  9H 1
numbers r e f e r  to  numbers o f segm ents.
Segments w ith  mixed s e ta e  u su a lly  showed a  s im ila r  p a t te rn  
w ith  c a p i l l a r i e s  only in  th e  notopodia and c a p i l l a r ie s  and hooks 
in  th e  neuropodia a lthough  in  some in s ta n ce s  th e  notopodia o f 
segment seven do co n ta in  bo th  types o f s e ta e .  D esp ite  th e  v a r­
ia t io n  shown in  th e  s e t a l  arrangem ent th e  d iffe re n c e  from th e
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FIG. 1 .  C a p ite lla  c a p i ta ta . S tru c tu re  o f th e  hooded hook,
■tooth
c re s t
to o th
c re s t
fang
neck eck
hood
shoulder
s h a f t 0 . 01mm
node
f r o n ta l  viewl a t e r a l  view
Redrawn from Hartman (194?).
.  S tr u c tu r e  o f  th e  hooded  hook .
,  2 .  n « -n t te l la  0=^4 t a t a  o v in c o la
f r o n t a l  view
0.01mm
L
l a t e r a l  v iew  
Redrawn from Hartman ( 19^7 )*
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stem form i s  q u ite  c o n s is te n t .  Whether such a  d iffe re n c e  i s  . .
s u f f ic ie n t  grounds fo r  e re c tin g  a new subspecies i s  le s s  c e r ta in .  
C o nsiderab le  v a r ia t io n s  in  p a t te rn s  o f t h i s  type have been recorded  
fo r  C .c a p i ta ta  from d if f e r e n t  a re as  (see  Table 12) and from th e  
same p o p u la tio n  (Table 8) .
D iffe re n c es  r e la t in g  to  o v e ra ll  s iz e  and to  the  s iz e  and shape 
o f  abdominal segments a re  equally  u n s a tis fa c to ry  as  taxonomic c r i ­
t e r i a  s in ce  they  a re  su b jec t to  co.iv: iderab le  change and v a r ia t io n  
in  l i f e .  T h is i s  p a r t ic u la r ly  tru ^  in  th i s  in s tan ce  as  Hartman 
p a r t ly  based h e r d ec is io n s  on th e  com parative le n g th s  o f worms.
Thus Hartman (19^7) s a id  when d esc rib in g  C. c a p i ta ta  ov inco la : -  
"C .o v in co la  d i f f e r s  from C.c a p i ta ta  g ro ss ly  in  being n o ticeab ly  
la rg e r” .  , 0 . c a p i ta ta  ov inco la  i s  about 60 mm lo n g . Yet in  her 
d e sc r ip tio n  o f 0 . c a p ita ta  o cu la ta  ( I 9^1a) she s t a t e s  th a t  i -  
"The subspec ies  d i f f e r s  from th e  stem , Coc a p ita ta  F a b r ic iu s , in  
being  much sm a lle r , u su a lly  le s s  than  20 , in s te a d  o f (up) to  100 mm 
long!’ .
The only rem aining d iffe re n c e  l i e s  in  th e  s e ta e . The described  
number o f g e n i ta l  hooks i s  no t d if f e r e n t  from th a t  found in  Europ­
ean p o p u la tio n s  and th e  d iffe re n c e  in  th e i r  s t ru c tu re  i s  minim al. 
F urtherm ore , in  th e  specimens th a t  I  examined s ix  o f th e  e igh teen  
males examined had only two or th re e  g e n i ta l  sp in es  in  segment 
e ig h t ,  which i s  a lso  w ith in  th e  range shown in  European popula­
t io n s .
The s t ru c tu re  o f th e  hooded hooks them selves, however, i s
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more co n c lu s iv e . I t  i s  not known on which pop u la tio n  Hartman 
based h e r study o f Co c a p ita ta  c a p ita ta  hooks but in  any event 
i t  i s  very  d i f f i c u l t  to  be c e r ta in  of th e  number o f te e th  using  
l i g h t  microscopyo S te reo scan  p ic tu re s  o f hooded hooks from C. 
c a p i ta ta  ov inco la  do however show c o n s is te n t d iffe ren c es  from 
any o th e r C a p i te l la  specimens examined (F ig . 1 9 ) .  The d iffe ren c e  
does n o t l i e  in  th e  arrangem ent o f th e  te e th  them selves bu t in  
th e  shape o f th e  fang , and can in  f a c t  be seen in  Hartman’ s 
f ig u re s  (F ig s . 1 and 2)*
Such a  d if fe re n c e , coupled w ith  th e  m orphological v a r ia tio n s  
a lre ad y  m entioned, may be s u f f ic ie n t  to  w arrant s p e c if ic  ran k . 
However, th e  unusual h a b ita t  may have an e f f e c t  on th e  develop­
ment of. th e  hooks which i s  p u re ly  phenotypic» ' U nfo rtu n a te ly  i t  
has no t been p o ss ib le  to  examine hooks from o th e r subspecies 
l iv in g  in  squ id  egg masses fo r  comparison. McGowan (1954) a lso  
found worms o f t h i s  ty p e , which suggests th a t  th e  pop u la tio n  i s  
w ell e s ta b lis h e d , and in  1955 Hartman found se v e ra l hundred in  
an egg mass o f L oligo  in  th e  San Pedro B asin , o f f  sou thern  
C a l i fo rn ia .
C .c a p i ta ta  f lo r id a n a  .Hartman^1959 •
T h is  d i f f e r s  from th e  stem form in  i t s  th o ra c ic  s e ta l  formula 
which is :  -
1 _ l | C ; ^ - 7H 8 - 9G i n  th e  notopodia o f th e  male and
1 _ 4c 5 _ 9H in  th e  male neuropodia and in  th e  fem ale.
F o u r, in s te a d  o f th re e  te e th ,  a re  p re sen t on th e  hooded hooks. 
L ike  Coc a p i ta ta  ov inco la  i t  occurs in  squid  egg masses bu t i t  
i s  much sm aller than  th i s  subsp ec ies , only a t ta in in g  a  le n g th  o f
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6 .2  mm fo r  a  r ip e  fem ale. I t s  s e ta l  formula i s  ev id en tly  much 
l e s s  v a r ia b le  than  th a t  shown in  C . c a p ita ta  o v in co la , bu t i t  con­
tin u e s  th e  tre n d  shown in  th i s  sp ec ies  o f a g radual red u c tio n  in  
th e  number o f c a p i l l a r i e s .
I  have examined th e  holotype o f th i s  m a te r ia l ,  which was a  r ip e  
fem ale. I t  showed th e  same sw elling  around the  g e n ita l  opening as 
i s  found in  th e  stem form. A l a t e r a l  view o f th e  hooks showed a 
p a t te r n  s im ila r  to  th a t  shown by Hartman ( 1959b) bu t i t  would be 
d i f f i c u l t  to  p rec lude  th e  p o s s ib i l i ty  o f more te e th  being p re s e n t. 
U n fo rtu n a te ly  i t  has no t been p o ss ib le  to  examine th e  f in e  s tru c tu re  
o f  th e  te e th  u s in g  th e  s te reo sc an , so no r e a l  conclusion  can be based 
on t h i s  p o in t .
I t  i s  very d i f f i c u l t  to  p lace  th i s  su b sp ec ies . The constancy 
o f th e  s e ta l  arrangem ent and th e  d if f e r e n t  s tru c tu re  o f th e  hooks 
suggest a r e a l  d if fe re n c e , bu t a  comparison w ith  C .c a p ita ta  ovin­
co la  shows th a t  th i s  too  has a  s im ila r  m od ifica tio n  in  th e  s e ta l  
arrangem ent which may be p u re ly  phenotypic . I n  th e  absence of 
any fu r th e r  in fo rm ation  concerning th e  ecology o f th i s  subspecies 
and th e  e f f e c t  o f i t s  h a b ita t  on th e  arrangem ent o f hooks i t  
seems p re fe ra b le  to  p lace  i t  a t  n o n -sp ec if ic  l e v e l .  I t  i s ,  o f 
c o u rse , p o ss ib le  th a t  C.c a p i ta ta  f lo r id a n a  re p re se n ts  th e  o f f ­
sp rin g  o f a  s in g le  fem ale, as Hartman g ives no d e ta i l s  of numbers; 
in  which case th e  po p u la tio n  becomes a r a th e r  sp e c ia l  one which ; 
cannot be a sse ssed  by normal methods.
C .c a p i ta ta  o c u la ta  vHartman^19^1'.
T h is  d i f f e r s  from C .c a p ita ta  c a p ita ta  in  being  sm a lle r , only 
20 mm lo n g . Hartman appears to  be in  some confusion as  to  th e
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s iz e  r e la t io n s  o f th e se  subspecies (see  C.c a p i ta ta  ov inco la) .
Eyes a re  p re se n t a t  a l l  s tag es  o f growth. I n  a d d itio n , 1 % o f 
th e  sample con tained  a  p a r a s i t i c  copepod, M o n s tr illa  c a p i t e l l i c o la . 
The th o ra c ic  s e t a l  arrangem ent i s  id e n tic a l  to  C. c a p ita ta  c a p i ta ta .
I  have examined th e  holotype and f i f t e e n  p ara types o f th i s  
sub sp ec ies  and can f in d  no s ig n if ic a n t  d iffe ren c e  between them and 
C c c a p ita ta  c a p i ta ta .  Furtherm ore, a  la rg e  sample o f C a p i te l la  sp . 
from th e  same s ta t io n  showed the  same fe a tu re s . The le n g th  was not 
th a t  quoted by Hartman, th e  holotype being ^0 mm lo n g , bu t in  any 
ev en t, s iz e  a lone  cannot be accep tab le  taxonom ically . I t  i s  tru e  
th a t  eyes a re  seldom v is ib le  in  a d u lt worms bu t th i s  i s  because 
th ey  a re  occluded by pigment in  th e  ep ithelium  ra th e r  than  by th e i r  
absence . The fa c t  th a t  in  th i s  p opu la tion  th e  eyes a re  no t covered 
i s  no t s u f f ic ie n t  to  m erit s p e c if ic  re c o g n itio n . P o ss ib ly  th e i r  
p resence  i s  r e la te d  to  th e  depths a t  which th i s  subspecies l i v e s .
C. cap i t a t a  t r i p a r t i t a  Hartman ],196l}.
T h is  subspecies i s  defined  by th e  t r i p a r t i t e  n a tu re  o f th e  
s e t a l  form ula, i n  which th e  f i r s t  th re e  segments have c a p i l la r ie s  
only  and th e  nex t four a re  mixed. G e n ita l hooks a re  p re sen t in  
th e  no topodia o f segments e ig h t and n ine o f th e  male and hooks in  
the  fem ale. Eyes a re  o ccas io n a lly  p re s e n t. The le n g th  i s  very 
v a r ia b le  w ith  a d u lts  ranging  from 9 to  90 mm. There i s  no inform­
a t io n  a v a ila b le  on th e  s tru c tu re  o f th e  hooded hooks.
I  have only been ab le  to  examine th e  ho lo type o f t h i s  sub­
s p e c ie s .  T h is  was a r ip e  female o f .'17.5 mm. The s e ta l  formula 
fo llow s th e  b a s ic  p a t te rn  above b u t th e  mixed segments a re  made up
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o f mixed bundles and bundles o f d if f e r e n t  types o f s e ta e  on th e  
same segment: -
L e f t  notopodium 1 -  ^  7 -  9H
R ig h t notopodium 1 -  4C 5 -  7M 8 -  9%
L e f t  neuropodium 1 - 3 0  4 -  6M 7 - 9ÏÏ 
R ig h t neuropodiumi -  4 C 5 - " ; M 8 - 9 H  
which g iv es  an o v e ra ll  arrangem ent o f 1 -  30 4 -  7M 8 -  9H.
I t  i s  very  d i f f i c u l t  to  deduce anything from a s in g le  specimen 
b u t th e  f a c t  th a t  Hartman reco rd s  th i s  subspecies from two d i f f ­
e re n t l o c a l i t i e s  suggests  th a t  her conclusions a re  v a l id .  C .c a p it­
a ta  t r i p a r t i t a  was no t found .in  th e  same a re a  as C .c a p ita ta  c a p i ta ta .
C .c a p i ta ta  a n ta r c t ic a  Monro.. 1930 (a s  a v a r ie ty ) .
T h is  was sep a ra ted  from th e  stem by th e  h ig h ly  developed 
co p u la to ry  appara tu s which i s  made up o f f iv e  to  s ix  p a ir s  o f g e n ita l  
hooks in  th e  e ig h th  notopodia and four p a ir s  in  th e  n in th . I n  
a d d it io n  th e  p a rap o d ia l r id g e s  in  th e  abdomen a re  s l ig h t ly  more 
developed th an  in  0 . c a p ita ta  c a p i ta ta . Monro a lso  draws p a r a l le l s  
w ith  0 . perarm ata (G rav ier) which has a  s im ila r ly  h igh ly  developed 
co p u la to ry  ap p a ra tu s .
I n  view o f th e  wide range o f g e n ita l  hook numbers found in  
any g iven  p o p u la tio n  (s e e , fo r  example, Imajima and Hartman 1964 ) 
i t  seems unnecessary  to  e re c t a new subspecies fo r  t h i s  v a r ie ty .
C .c a p i ta ta  jap o n ica  K itam ori ^ 1960/ •
K itam ori reg a rd s  th i s  subspecies as  being c lo se ly  a l l i e d  to  
C. cap i t a t a  sensu E is ig  (Beneden) from which i t  i s  d is tin g u ish ed
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by th e  p resence  o f a  mud tu b e . I t  i s  s im ila r  a lso  to  C. cap i t a t a
f lo r id a n a  b u t has more segments. The au thor d is tin g u ish e s  i t  from
C ,c a p i ta ta  (F ab r ic iu s )  as described  by Fauvel ( 192? ) ,  Hartman (194?) 
and B erkeley  and B erkeley (1952), by i t s  le n g th , number o f segments 
and shape o f p o s te r io r  end. Imajima and Hartman (1964) compare 
th e  su bspec ies  w ith  Japanese specimens o f C .c a p ita ta  and d i s t in ­
g u ish  i t  by th e  number o f g e n ita l  hooks p re s e n t. I n  C .c a p ita ta  
th e re  a re  two p a i r s  o f hooks in  segment n in e , whereas in  C ,c a p ita ta  
jap o n ica  th e re  a re  four or f iv e  p a i r s .  The le n g th  o f a  p reserved  
specimen was 4^ mm. I n  th e i r  d e sc rip tio n  they  s t a t e  th a t  th e  f i r s t  
segment may la c k  s e ta e  g iv ing  a s e ta l  formula of; -
1 - 2 -  7C 8 . - '9 5  /H 
However, Wu (1964) a lso  n o ticed  th i s  fe a tu re  and in  p e rso n al 
communication w ith  D r. K itam ori d iscovered th a t  th e  s e ta e  on th e  / 
f i r s t  segment were very  d i f f i c u l t  to  see bu t were no t a b se n t. As 
t h i s  fe a tu re  i s  the  only one o f r e a l  taxCnomic importance one must 
ag ree  w ith  Wu in  decid ing  th a t  th e re  a re  no grounds fo r  m ain tain ing  
t h i s  su b sp ec ies .
C . cap i t a t a  europaea Wu ..1964 .
Wu se p a ra te s  t h i s  subspecies from th e  type on th e  b a s is  o f i t s  
s e t a l  fo rm u la tio n , which is ;  -
1 -  6C 7M 8 -  9G /H in  th e  notopodia
1"-"- 60 7 -  9H in. th e  heuropodia
fo r  specimens from th e  M editerranean Sea and European co as ts  where
th e  s a l i n i t y  i s  h igh  and; -  -
1 -  6C 7M 8 -  93 /H in  th e  notopodia
1 ' - - 6C '7M': '8 - 19H in  th e  neuropodia
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fo r  specimens from low s a l i n i ty  w aters in  th e  B lack Sea and the  
Sea o f Azov*
The w idespread presence of c a p i l la r ie s  in  segments e ig h t and 
n in e  o f th e  h igh  s a l i n i ty  popu la tions must he r e s t r i c t e d  to  
n o rth e rn  European w a te rs . I t s  occurrence in  th e  M editerranean 
o r in  w estern  Europe i s  unknown from th e  l i t e r a t u r e .  Fauvel ( 1927) 
does n o t r e f e r  to  th i s  and I  have seen i t  in  only two in d iv id u a ls  
o f th e  European po p u la tio n s  th a t  I  have sampled. In  th i s  event 
Wu’ s  su bspec ies  needs re d e fin in g  a t  th e  very l e a s t .
C zern iavsky’ s su b sp ec ies .
I n  1881 C zerniavsky described  f iv e  ’ form s’ or subspecies of 
C .c a p i t a t a . Hartman (1959a) decided th a t  th ese  a re  no t v a lid  and 
a  b r i e f  exam ination o f th e  l i t e r a t u r e  confirm s t h i s .
F i r s t l y  he named subspecies fo r  th e  p o p u la tions s tu d ied  by 
O e rs ted , Beneden and C laparede.
O e rs ted ’ s Lum briconais marina from Denmark becomes C. c a p ita ta  
forma d an ica , and i s  d is tin g u ish ed  by th e  presence o f a  v a r ia b le  
number o f c a p il la ry -b e a r in g  segments ( 4 - 6 )  follow ed by segments 
w ith  hooks on ly . Eyes may or may not be p re s e n t. T his subspecies 
i s  h a rd ly  sep a ra te  from C.c a p i ta ta  b e lg ica  (Beneden) which has s ix  
segments w ith  c a p i l l a r ie s  and one w ith  mixed bundles o f s e ta e .
He r e f le c te d  th e  d is t in c t io n  shown by Wu (1964) in  e re c tin g  
a new subspec ies  fo r  C laparede’ s European!'‘m a te r ia l .  T h is  i s  
C .c a p i ta ta  hebridarum , which has seven c a p illa ry -b e a r in g  segments
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and i s  th u s  d i f f e r e n t  from th e  o ther subspec ies . The d iffe ren c e  i s  
n o t ,  however, considered  s u f f ic ie n t  to  w arrant th e  naming o f a  new 
su b sp e c ie s .
C .c a p i ta ta  n eap o litana  was e rec ted  fo r  a popu la tion  in h a b itin g  
N aples Bay, I t a l y .  Czerniavsky re fe r re d  to  C laparede’ s work in  
t h i s  re g io n  bu t d isag reed  w ith  th e  l a t t e r  in  h is  assessm ent of 
th e  s ta tu s  o f th e  p o p u la tio n . C laparede re a l is e d  th a t  one could 
n o t e s ta b l is h  s p e c if ic  d iffe ren c es  in  th i s  genus based on th e  s iz e  
o f  th e  anim al or on changes in  th e  s e ta l  p a t te rn .
He a ls o  d escribed  a new subspec ies , C .c a p ita ta  suchumica, des­
c rib e d  from th e  B lack S ea . I t  has c a p i l la r ie s  only in  th e  f i r s t  
s ix  segments and hooks only th e r e a f te r ,  w ith a  la rg e  number of 
s e ta e  in  each bund le . I t  i s  a  sm all worm. There i s  ap p aren tly  
no d if fe re n c e  between th i s  subspecies and C.c a p i ta ta  dan ica .
2 .4 .1 .2  C a p i te l la  in term edia  .CzerniaVsky^188l . .
C .in te rm ed ia  i s  th e  f i r s t  sp ec ies  described by C zerniavsky.
I t  was found in  sand in  th e  B lack S ea . I t  i s  sep a ra ted  from 
C .c a p i ta ta  by i t s  th o ra c ic  s e ta l  formula which resem bles th a t  of 
C . t r i p a r t i t a : -
1 - 3 C 4 - 6 M 7 - 9 H  
Eyes a re  p re sen t.: I t  a t t a in s  a len g th  of 12 mm. Czerniavsky d id  
n o t r e f e r  to  g e n i ta l  hooks nor to  th e  presence o f g e n ita l  p roducts 
so t h a t ,  in  view o f th e  sm all s iz e  o f th i s  specimen, i t  i s  alm ost 
c e r ta in  th a t  th e  d e sc r ip tio n  pipplies to  a young specimen o f Cj, 
c a p i t a ta .
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2 .4 .1  • 3 C a p i te l la  p ro to ty p a  Czerniavsky ,188l ;■.
T h is  i s  re p re se n te d  by th re e  specimens c o lle c te d  from th e  shore 
o f th e  B lack  S ea . L ike th e  above spec ies  these  a re  probably young 
C .c a p i t a t a  s in ce  th e  s e ta l  formula of; -
1 3C 4 -  9H •
i s  th a t  o f recently-m etam orphosed C .c a p i ta ta . The presence o f 
eyes and th e  sm all s iz e  o f th e  worms (3*5 — 10.3  mm) co rrobora tes  
t h i s .
2 .4 .1 .4  ' C a p i te l la  s im il is  . C zerniavsky^l88l . .
The d e sc r ip tio n  i s  based on one specimen found in  mud in  the  
B lack  S ea . The specimen has s ix  segments w ith  c a p i l la r ie s  and . 
re ach es  21 mm in  le n g th . Eyes a re  not p re se n t. I t  i s  d i f f i c u l t  
to  see why Czerniavsky p laced  th i s  specimen in  a new sp ec ie s  s in c e , 
as i t s  name su g g es ts , i t  i s  s im ila r  to  C .c a p i ta ta .
2 .4 .1 .3  C a p i te l la  perarm ata .G rav ie r^1911/.
T h is  was o r ig in a l ly  described  by G rav ier .(1911) as Isom astus 
pe ra rm atu s . b u t was tra n s fe r re d  to  th e  genus C a p ite l la  by Hartman. 
( 1947) .  I t  d i f f e r s  from C. cap i t a t a  only in  th e  presence o f cap­
i l l a r y  s e ta e  on segments e ig h t and n in e , to g e th e r w ith  hooded 
hooks. The copu lato ry  apparatus o f th e  male i s  w ell-developed 
b u t ,  as in  th e  case o f C. cap i t a t a  a n ta r c t ic a , t h i s  i s  no t thought 
to  be o f  any g re a t s ig n if ic a n c e . The g e n ita l  hooks o f segment 
n in e  a re  desc rib ed  as overlapping those  o f e ig h t .  T his i s  not 
th e  normal arrangem ent, as th e  s e ta e  in  th e  n in th  segment a re
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o fte n  b u rie d  deep ly . However, th e  bundles a re  very f le x ib le  and 
o c ca s io n a lly  worms showing t h i s  p a t te rn  a re  found. I n  specimens 
which I  have examined* th e  copu lato ry  ap para tu s appears ty p ic a l  o f 
C.c a p i t a t a .
G rav ie r does no t d esc rib e  th e  p re c ise  d is t r ib u t io n  o f th e  
c a p i l l a r i e s  on segments e ig h t and n in e . Presumably they  a re  ab­
s e n t from th e  notopodia in  th e  m ales. I n  specimens from K erguelen 
they  a re  r e s t r i c t e d  to  th e  neuropodia o f segment e ig h t .
Augener (1932) d esc rib ed  th e  s e t a l  formula in  an a d u lt m ale.
He found th a t  th e  neuropodia o f segments seven to  n ine bore cap­
i l l a r i e s  o n ly . He d id  no t consider th a t  such a  d iffe ren c e  deserved 
g en eric  re c o g n itio n  however and concluded th a t  Isom astus was prob­
ab ly  a  subgenus o f C a p i te l l a .
* B r i t i s h  Museum (N a tu ra l H is to ry ) 1941 .3 .3 .  101 -  118.
(Kerguelen) and 1924 '.6 .1 3 . 4 -  l4 .  (D eception Is la n d ) .
2*4 .1 .6  C a p i te l la  a b e rran ta  I Hartman and Fauchald  ^1971/.
T his sp ec ie s  d i f f e r s  from C. c a p i ta ta  in  i t s  possess io n  o f 
m odified s e ta e  in  th e  notopodia o f  segments s ix  to  n in e . The f u l l  
th o ra c ic  s e t a l  form ula in  an a d u lt  female i s  as fo llo w s;-
1 - 3 0  6 - 9  m odified hooks in  th e  notopodia
1 - 3 0  6 -  9H in  th e  neuropodia.
The c a p i l l a r ie s  a re  very long  compared w ith  those  found in  
C .c a p i t a ta . Hartman and Fauchald  d escribed  an ase to u s  peristom ium  
which would no t f i t  in  w ith  th e  gen eric  d ia g n o sis . I  have exam-
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ined  th e  holo type and d isag ree  w ith  t h i s .  In s te a d , th e  prostomium 
appears c o n s tr ic te d  so th a t  i t s  fu s io n  w ith  th e  peristom ium  becomes 
more c le a r  a s  shown in  F ig .  3° T his i s  a  co n d itio n  th a t  o ften  
occurs on f ix a t io n  b u t i s  no t v is ib le  in  l i f e .  The m odified s e ta e  
a re  i l l u s t r a t e d  in  F ig .4 o  Hartman and Fauchald  fig u red  th e se  as 
c a p i l l a r i e s  w ith  a  sw ollen reg io n  ju s t  below th e  t i p  bu t th e  
sw e llin g  has more th e  appearance o f a  t ig h t ly  c lo sed  hood enclosing  
th e  s e ta .
A lthough only one incom plete specimen i s  known o f th i s  sp ec ie s , 
i t s  rank  seems j u s t i f i e d ,  in  so f a r  as  i t  i s  d i f f i c u l t  to  r e l a t e  ■’ 
th e  new s e ta e  to  th e  normal ones, so th a t  th e i r  presence cannot 
be exp lained  away as phenotypic v a r i a t i o n .> The r e s t r i c t i o n  of 
c a p i l l a r i e s  to  th e  f i r s t  f iv e  segments i s  a lso  d i f f e r e n t  from 
C.c a p i t a t a . The presence  o f n ine  th o ra c ic  segments i s  th e  main 
reason  fo r  p lac in g  t h i s  specimen in  th e  genus C a p i te l l a , as in  th e  
absence o f a  male specimen i t  i s  no t known whether o r no t a  copul­
a to ry  ap p ara tu s  i s  p re s e n t .
2*4 .1 .?  C a p i te l la  herm aphrodita ' .Boletzky and Bohle^ 196?-'•
A new sp ec ie s  o f C a p i te l la  was d escribed  from L oligo  egg masses 
c o lle c te d  from B anyuls-sur-M er, F ran ce . I t  i s  d is tin g u ish e d  from 
o th e r sp ec ie s  by th e  th o ra c ic  s e t a l  form ula and a lso  by i t s  re p ­
ro d u c tiv e  b io lo g y .
The th o ra c ic  s e ta l  form ula i s  c o n s is te n t fo r  th e  f i r s t  seven 
segm ents, being: -
1 -  4C 3 -  TH. , .
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FIG. 3* C a p ite lla  a b e r ra n ta .' Krostomium and f i r s t  s e t ig e r .
0 . 02mm
l a t e r a l  view
d o rsa l view
0 . 03mm
d o rsa l view
Redrawn from Hartman and Fauchald (1971).
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FIG, 4 , C a-nitella  a b e r ra n ta . M odified se ta , 
a .  M odified n o to se ta  from segment seven.
0 . 01mm
L. .
d o rsa l view 
Td. M odified n o to se ta  from segment e ig h t,
l a t e r a l  view
0 . 01mm
I.
l a t e r a l  view 
Redrawn from Hartman and Fauchald (1971)'
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Segments e ig h t and n ine have e i th e r  normal hooks in  the  notopodia 
o r a l te r n a t iv e ly  g e n i ta l  hooks. Mixed arrangem ents w ith  hooded 
hooks on segment e ig h t and g e n ita l  hooks on segment n ine a lso  
o ccu r. I n  one example hooded hooks and g e n ita l  hooks were found 
in  th e  same bundle . The s e ta l  arrangem ent can be c o rre la te d  w ith 
th e  sexual c o n d itio n . Worms w ith  no tra c e  of o v a rie s  have g e n ita l  
hooks. Where d i s t in c t  eggs a re  v is ib le  e i th e r  hooded hooks or 
g e n i ta l  hooks or bo th  may be found.
0 vigorous worms were found to  con tain  e a r ly  s tag e s  o f sperm as 
w e ll as mature sperm, thus dem onstrating the  herm aphroditic n a tu re  
o f th e  s p e c ie s .
B oletzky  and Dohle attem pted  to  r a i s e  la rv a e  o f th i s  sp e c ie s . 
E a rly  development appeared ty p ic a l  of C a p i te l l a , bu t th e  te lo tro c h  
rem ained unchanged fo r  over a  month when kep t in  seaw ater a t  12°C. 
The au th o rs  do no t o f f e r  any exp lana tion  fo r  th i s  bu t i t  i s  l ik e ly  
th a t  under normal circum stances th e  la rv a e  do not undergo a p lank- 
to n ic  p e rio d  o f development bu t remain w ith  th e  p a ren t u n t i l  met­
am orphosis. I n  th i s  case i t  is. p o ss ib le  th a t  development i s  h a lte d  
due to  th e  la c k  o f a s u i ta b le  su b s tra te  (W ilson 1937) -
I  have examined a sample o f th i s  m a te ria l and found f iv e  worms 
w ith  th e  female form ula of: -  
1 _ 4C 5 -  9H.
Two o f th e se  had c le a r ly  d is t in c t  o v aries  bu t th e  o th e rs  could 
no t be examined more c lo se ly . Two were la b e l le d  a s  herm aphrodites 
and the; r e s t  a s  fem ales. Seven specimens had a  copulatory  apparatus
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with, a  form ula of: -
1 - 4 C 5 - 7 H : 8 - 9 G / H  
Large o v a rie s  were v is ib le  in  th re e  o f th e se , o f which two were 
la b e l le d  herm aphroditic  and th e  o th er as a  female w ith  g e n ita l  
hooks. Sperm were p re sen t in  one specimen, la b e l le d  as a  male.
The o th e r th re e  worms in  th i s  group were not ca teg o rised  sex u a lly . 
One worm w ith  hooded hooks and g e n ita l  hooks was found, w ith 
c le a r ly  v is ib le  eggs. According to  the  au thors i t  was hermaph­
r o d i t i c .  The l a s t  worm had very sm all hooded hooks in  th e  noto­
pod ia  o f segments e ig h t and n ine in d ic a tin g  a  developing male 
and y e t i t  con tained  la rg e  eggs.
The in te r p r e ta t io n  o f th e se  r e s u l t s  i s  d iscussed  more fu l ly  . 
in  s e c tio n  2. 7  b u t i t  may be noted th a t  a  change in  sex from female 
to  male i s  . in d ic a te d . The co n d itio n  o f the  m a te ria l preven ted  a 
c lo se r  exam ination o f t h e i r  n a tu re , bu t B oletzky and Dohle have 
s tu d ie d  t h i s  in  d e t a i l .  Presumably those worms w ith  only s in g le  
sex  c h a r a c te r i s t ic s  had e i th e r  undergone or were about to  undergo 
a change o f sex . A d e ta i le d  study o f th e  l i f e  h is to ry  would be 
needed to  confirm  t h i s ,  bu t th e  au thors  in d ic a te  th a t  no pure 
males or fem ales were p re sen t in  th i s  p o p u la tio n .
2 .4 .1 08  C a p ite l la  dizonata .Johnson^1901/.
T his was e re c te d  fo r  an incom plete specimen from th e  in te r ­
t i d a l  zone a t  P o r t  O rchard, W ashington, and i s  d is tin g u ish ed  
from C. cap i t a t a  by th e  absence o f any se ta e  from the  notopodia 
o f segments e ig h t and n in e . A re fe re n ce  to  c a p i l l a r ie s  occurring  
on th e  notopodia o f segment te n  i s  probably in c o rre c t as hooks
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a re  l a t e r  d esc rib ed  fo r  th i s  segment. The specimen has th e  ty p ic a l  
fem ale po res  p laced  l a t e r a l l y  between segments seven and eight#
I n  th e  l i g h t  o f p re sen t knowledge concerning sex changes in  
C o c a p i ta ta  i t  seems unwise to  p lace  th i s  specimen in  a  sep a ra te  
ca te g o ry . I t  p robably  re p re se n ts  an immature male, bu t i t  may be 
a  fem ale which has l o s t  i t s  hooks p r io r  to  th e  a c q u is it io n  o f 
g e n i ta l  hooks. The spec im en ,is , u n fo rtu n a te ly , no t a v a ila b le  
fo r  exam ination.
2 . 4 . 1. 9  C a p i te l la  sp .
I n  a d d itio n  to  th e  above sp ec ies  th e re  a re  re fe re n ce s  in  th e  
l i t e r a t u r e  to  m a te r ia l r a th e r  u n c e rta in ly  a sc rib ed  to  th e  genus 
C a p i te l l a . For example, Hartman ( 196lb) g ives a  key to  C a p i te l la -  
l i k e  sp ec ie s  from C a l ifo rn ia ,  which i s  reproduced here  in  Table 4 .
I  have examined the  m a te ria l on which th i s  key was based .
T h is  was sep a ra ted  in to  four groups la b e l le d  'A* -  'D*.
con tained  two specimens both  w ith v i l l i .  The f i r s t  seg­
ment was s e tig e ro u s  although in  one of th e  specimens th e re  was 
some evidence o f a furrow acro ss  the prostomium which gave th e  . 
im pression  o f  an ase to u s  segment. N e ith er specimen had eyes nor 
any s ig n  o f s p o tt in g . The th o ra c ic  s e ta l  formulae were d i f f e r e n t .— 
*a* l - 3 C 4 - ^ 7 r - 9 ^  Thoracic le n g th  -  1 .2  mm 
*b* 1 -  5G 6M 7 -  9H Thoracic len g th  -  1 .5  mm
The f i r s t  specimen ’a* was incom plete, bu t as in d ic a ted  by
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TABLE 4e Key to  C a p i te lla —lik e  sp ec ie s .
. from Hartman 1961b
1 . F i r s t  v i s ib le  segment w ithout parapodia ................................. . . 2
1 .  F i r s t  v is ib le  segment w ith parapodia and s e t a e . . ..................3
2 . Prostomium follow ed by a smooth peristomium, and th i s  
by 3 o r 4 segments w ith po in ted  s e ta e , and 6 or 3 seg­
ments w ith  long handled hooks . . . . . . . . . . . . .Cap i t  omastus sp .
2 . Prostomium follow ed by a smooth peristomium and 6
s e t ig e r s ;  in  both  male and female in d iv id u a ls  th e  
l a s t  3  th o ra c ic  neuropodia w ith hooks, and notopodia 
w ith  hooks in  th e  7th ,  and g e n ita l  sp ines in  th e  8th  
and 9th  segm ents.. . . . . . . . . . . . . . . . . . . . . . . . .C a p i te l l id e s  sp .
3 . Body la r g e r ,  f in e ly  speckled w ith punctate, dark sp o ts ; 
prostomium follow ed by 7 segments w ith  po in ted  se ta e
and 2 segments w ith  g e n ita l  sp ines in  th e  notopodia...........
C a p i te l l a . punc tate
3 .  Body sm a lle r , ep ithelium  not p u n c ta te   .............. . . . . . 4
4 . E x te rn a l su rface  o f body v i l lo s e ;  f i r s t  5 or 6 segments 
w ith  s e ta e  in  neuropodia and notopodia, followed by one 
segment w ith  se ta e  and hooks, and th i s  w ith long handled 
hooks o n l y . .   ................  .C a p i te l la  v i l lo s e
4 . E x te rn a l su rface  o f body smooth; in  female in d iv id u a ls  
th o rax  c o n s is tin g  o f 6 se tig e ro u s  and 3 uncinigerous 
no topod ia , and male in d iv id u a ls  w ith 4 se tig e ro u s , 2 
w ith  s e ta e  and hooks mixed, and 3 w ith  hooks (g e n ita l  
sp in es  a b s e n t)      .C a p i t a l^  ? cap i t  a t a
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th e  le n g th  o f i t s  th o rax , was sm aller than  specimen 'b» which 
was a r ip e  fem ale. P o ss ib ly  the  d if fe re n t  s e ta l  arrangem ents 
can be accounted fo r  by th e  im m aturity of th e  f i r s t  specimen.
These specimens presumably correspond to  C a p ite lla  'v i l l o s e '  bu t 
i t  i s  n o t c le a r  why they  were separa ted  from 'D ' which a lso  con­
ta in e d  worms w ith  v i l l i .
'B ' con tained  seven specimens a l l  w ith the  follow ing th o rac ic  
s e t a l  form ula: -
1- 2 -  5C 6 -  8H 9 -  10G
M ature specimens of both  sexes were rep re se n te d . T his p a t te rn  f i t s  
most c lo se ly  w ith  Capitom astus which i s  l i s t e d  in  H artm an's key. 
However, in  h e r d e sc r ip tio n  o f th i s  genus, Hartman makes no men­
t io n  o f g e n i ta l  hooks. The c o rre c t th o ra c ic  s e ta l  form ula fo r  th i s  
genus, a s  g iven by E is ig  ( l 88? ) ,  is :  -
1— 2 — 4c 5 “* 8n 9 “ 1CG in  females
1-  2 - 5C 6 - 8H 9 -  105 in  males
The specimens thus agree w ith the  d iagnosis o f male specimens 
o f C apitom astus. As s l ig h t  v a r ia tio n s  in  s e ta l  arrangem ents a re  
known to  occur w ith  age and cond ition  in  th i s  fam ily th e re  seems 
to  be no problem in  p lac in g  th i s  m a te ria l in  th e  genus C apitom astus,
I t  i s  o f in te r e s t  to  no te  th a t  two o f th ese  specimens had a 
few v i l l i  p re sen t on th e  th o rax .
Tube 'C  had fo u rteen  specimens and was la b e l le d 'C a p ite ll id e s  
S ta t io n  5 0 2 ? '.  The th o ra c ic  s e ta l  formula iw as:-  ^ ‘
1 -  7G 8 -  9G /H
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There was one excep tion  to  t h i s .  One of th e  worms had no g e n ita l  
hooks. However, th i s  worm was d if fe re n t  in  o ther re sp e c ts  too 
( e .g .  i t s  la c k  o f eyes) and probably was b e t te r  p laced  w ith  group 
'D* w ith  which i t  was s im ila r  in  having v i l l i .
I t  proved d i f f i c u l t  to  determine the  sex of the  specimens but 
a t  l e a s t  two o f them, w ith  w ell-developed g e n ita l  hooks, had eggs 
in  th e  abdomen. T his would suggest th a t  th ese  specimens belong to  
C a p i te l l id e s . The prostomium i s  not q u ite  as would be expected 
fo r  t h i s  genus as  ther«  i s  no in d ic a tio n  of an ase tous peristomium 
being  p re s e n t .  However, examination of a  wide range of p reserved  
m a te r ia l  shows th a t  th i s  fe a tu re  i s  o ften  q u ite  in d is t in c t  and i t  
seems b e s t  to  p lace  th e se  specimens in  the  genus C a p i te l l id e s .
The v a l id i ty  o f th i s  i s  d iscussed  below ( sec tio n  2 .4 .2 ) .  /' In  i t s  
s iz e  and th o ra c ic  s e t a l  arrangement th i s  m a te ria l most c lo se ly  
resem bles C a p i te l l id e s  g ia r d i , although i t  d i f f e r s  in  c o n s is t­
e n tly  having c a p i l la r ie s  in  segment seven.
H a lf o f th e  specimens had dark red  g ranu lar markings in  the  skin , 
These correspond to  th e  C a p ite lla  'punctate*  o f H artm an's key.
These sp o ts  a re  found s c a tte re d  a l l  over th e  worm bu t a re  most 
abundant on th e  v e n tra l  su rface  o f the  abdomen, th in n in g  out l a t ­
e r a l l y .  They vary considerab ly  in  s iz e  and shape and bear some 
resem blance to  th e  eyespots found in  C a p i te l la . These have the  
same re d  c o lo ra tio n  in  th e  la rv a e  but become d u lle r  as they a re  
covered w ith  more f le s h .  The markings a re  very s u p e r f ic ia l  and 
a re  p o ss ib ly  an accum ulation o f excretory  m a te r ia l. T heir ta x —
' onomic im portance i s  doubtfu l as they a re  found on worms to g e th e r
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w ith  s im ila r  worms w ithout any sp o ts .
Two o f the. p u n c ta te  specimens a lso  had v i l l i  on th e  thorax  
and abdomen.
Tube 'D ' con tained  te n  specimens, of which e ig h t had v i l l i . .  
(F ig . 5 ) • The arrangem ent o f th e  se ta e  was very v a ria b le  in  
t h i s  group as  can be seen from Table 5 ,  but th e  o v e ra ll p a t te rn  
i s :  -
1 - 5 C 6 M 7 - 9 H  or 1 -  6c 7 -  9%
I n  two specimens th e  hooks in  segments e ig h t and n ine were 
very  sm all or a b sen t, suggesting  the p o ss ib le  appearance o f gen­
i t a l  hooks. The s e ta l  arrangem ents o f 'A ' f i t  in  w ith  th i s  group. 
T h is  d e sc r ip tio n  corresponds to  th a t  given fo r C a p i te l la  'v i l l o s e '  
by Hartman. F or sev e ra l reasons th i s  grouping appears to  be in ­
a c c u ra te .  F i r s t l y  th e  specimens appear to  be young in d iv id u a ls  
o r immature fem ales. The a d u lt male i s  th e re fo re  unknown bu t the  
p resence  o f g e n ita l  hooks may be presumed. The im m aturity o f the  
worms would exp la in  the  v a r ia tio n  in  s e ta l  p a t te rn  shown and would 
in v a l id a te  i t s  use as a taxonomic c r i te r io n  fo r th i s  sample.
The presence  of v i l l i  bas no s ig n if ic a n ce  taxonom ically .
T h is  i s  shown by th e  occurrence o f v i l l i  in  a l l  the  specimens 
examined which covered th re e  genera. Furtherm ore, Hartman and 
F auchald  ( 1971) re p o rte d  the  presence of long p a p illa e  in  a  d is ­
p e rsed  arrangem ent over th e  su rface  of nine specimens dredged 
from a b y ssa l depths in  the  N orth A tla n t ic .  The th o ra c ic  s e ta l  
form ula o f th e se  ( 1 -  7C 8 -  9^ /H ) i s  in d ic a tiv e  o f C .c a p ita ta
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FIG. 5" C a p i te l la  'v i l l o s e * .  Photom icrograph o f  a  specimen 
w ith  an ex ten s iv e  covering  o f ' v i l l i ' .  S c a le  re p re ­
s e n ts  20 pn .
FIG. 60 C a p i te l la  ' v i l l o s e ' .  Photom icrograph to  show th e  f in e  
s t r u c tu r e  o f  th e  v i l l i .  S c a le  re p re s e n ts  10 p n .
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TABLE 5 . T horacic  s e t a l  form ulae in  C a p i te l la  'v i l l o s e ' , .  tube D,
Length o f 
th o ra x  in  
mm
S e ta l  form ula V i l l i
1 .2 no topod ia l -  6C 78 8 -  9H 
neuropodial -  6C 78 8 -  9H
+++
2.1 no topod ia l -  4C 5 -  6M 78 8 -  9^ 
neuropodial - 3 8  4 - 3 M 6 - 9 H
+
1 .2 no topod ia l -  6C 7 -  9H 
neuropodial -  58 âVI 7 - - 9H
+
1 .8 no topod ia l -  6C 7 -  9H 
neuropodial - 4 C 5 - 6 M 7 - 9 H
-
1o2 no topod ia l -  58 6M 7 -  9H 
neuropodial -  4C 5M 6 -  9%
+++
approx.
1 .5
no topod ia l -  6c ) r e s t  o f worm 
neuropodial -  6C) in  tube
++
1 .8 no topod ia l -  6C7B 8 -  9% 
neuropodial -  6C 7 -  9H
++
1 .6 no topod ia l -  78 8 - 9# 
neuropodial -  6C 7 -  9#
+
1 .4 no topod ia l -  6C 7 ■“ 9H 
neuropodial -  6C 7 -  9H
++
1 .2 no topod ia l -  6C 7 - 9 #  
neuropodial -  58 6M 7 -  9H
-
C = c a p i l la r y  s e ta  _ mixed bundles or segments
H = hooded hook w ith  c a p i l l a r i e s  and hooks
B = broken s e ta  -  = no s e ta
+ = few v i l l i  ++ = v i l l i  common +++ = v i l l i  a l l  over worm
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b u t in  view o f th e  p a p i l la e  th e  au th o rs  d esc rib ed  i t  a s  C a p i te l la  
' n ear c a p i t a ta *•
I t  i s  a lso  o f i n t e r e s t  to  n o te  th a t  some o f th e se  specimens 
were speck led  w ith  b lack  on th e  abdomen, a  co n d itio n  which sugg­
e s ts  C a p i t e ] ^  'p u n c ta te * •
The f in e  s t ru c tu re  o f th e  v i l l i  has been examined (se e  F ig .  6) 
and i t  appears th a t  they  a re  no t coelomic ex ten sio n s as  p re v io u s ly  
th o u g h t, bu t ep izo ic  a ttachm ents  o f unknown n a tu re . The p o in t o f 
a ttachm ent w ith  th e  worm i s  very  sm all (F j , 7) and in  specimens 
where th e  c u t ic le  has l i f t e d  o f f ,  th e  v i l l i  have come away com­
p le te  w ith  t h i s ,  and show no s ig n  o f a  ru p tu red  connection  w ith  
th e  worm (F ig . 8) .  The number o f v i l l i  on a  worm v a r ie s  from 
one or two, u s u a lly  c lo se  to g e th e r ,  to  a  complete covering  a l l  
over th e  worm.
No specimens o f C a p i te l l id e s  a s  d esc rib ed  by Hartman have been 
found in  t h i s  c o l le c t io n .  T h is  was presum ably based  on a  c o l le c t io n  
from a  d i f f e r e n t  s t a t io n .
Specimens d e sc rib ed  as  C a p i te l la  ? c a p i ta ta  were n o t examined 
e i t h e r .  The d e sc r ip tio n  o f th e  s e t a l  arrangem ent would be cov­
ered  by 'D* b u t no a d u lt  males were p re se n t h e re . E is ig  ( 1887) 
re c o rd s  th e  p resence  o f sperm jun immature fem ales and b e lie v e d  t h i s  
was due to  co p u la tio n  w ith  r ip e  m ales. T h is  i s  p o s s ib ly  th e  case 
h e re  a lthough  H artm an 's in te r p r e ta t io n  cannot be d ism issed . W ith 
no fu r th e r  in fo rm atio n  i t  i s  n o t p o s s ib le  to  ta k e  t h i s  m a tte r 
f u r th e r .
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FIGo 7» C a p i te l la  'v i l l o s e * .  Photom icrograph to  show n a tu re  
a ttachm ent o f  v i l l i ' t o  worm. S c a le  re p re s e n ts  10 p i,
FIG. 80 C a p i te l l a  ' v i l lo s e * • Photom icrograph showing a ttachm ent 
o f ' v i l l u s '  to  c u t i c l e .  S c a le  re p re s e n ts  10 jrnim
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Day ( 1961) a lso  d esc rib ed  a  p o ss ib le  sp ec ie s  o f C a p i te l la  
from th e  docks a t  Table Bay, South  A fr ic a . He examined I 68 
specim ens, some o f which were ty p ic a l  C .c a p i ta ta  ; o th e rs  showed 
an odd s e t a l  form ula on th e  th o rax
1 -  yC 8 -  9H in  th e  female notopodium 
1 - 6C 7M 8 - 9H i n  th e  female neuropodium 
1 - 4 C 5 - ^ 7 K 8 - 9 G i n  th e  male notopodium
1 -  4C 5 -  7 -  9N in  th e  male neuropodium
Day was h e s i ta n t  about e re c tin g  a  new subspec ies  fo r  t h i s  m a te r ia l
a s  th e  sample was very  sm a ll. I t  i s  p o s s ib le  th a t  t h i s  s e t a l  a r r ­
angement re p re se n ts  young a d u lts  in  th e  p o p u la tio n  and th a t  w ith  
in c re a s in g  age th e  th o ra c ic  hooks w i l l  be re p la ce d  w ith  c a p i l l a r i e s .  
However, w ithou t access  to  th e  whole range o f m a te r ia l i t  i s  no t 
p o s s ib le  to  be c e r ta in ,  and one must r e f e r  tn e se  specimens to  
C .c a p i t a ta .
I n  a d d itio n  to  th e se  sp ec ie s  th e re  a re  some which a re  now 
only  o f h i s to r i c a l  v a lu e . I n  many cases even th e  g en eric  name 
does no t t i e  in  w ith  th e  d e sc r ip tio n . Most o f th e se  d isc rep an c ie s  
a re  due to  la c k  o f in fo rm ation  by th e  re s p e c tiv e  au th o rs  and can 
be re a d i ly  c o rre c te d  in  th e  l i g h t  o f p re se n t knowledge. Hartman 
( 1959a) has review ed th e se  sp ec ie s  and h e r conclusions a re  given 
in  ta b u la r  form in  T able 6 .
C a p i te l la  g r a c i l i s v ( V e r r i l l )  does however p re se n t some problem s. 
Hartman ( 1959a) r e f e r r e d  Notomastus g r a c i l i s  .V e r r i l l  to  t h i s  
g iv in g  th e  fo llow ing  in form ation; -  " N .g r a c i l i s  'V e rr i l l . ' I 88O 
( 16 , p .  180) C onnecticu t in  4 -  5 fms. See C a p i te l la  g r a c i l i s
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Under C o g ra c il is  th e  d a te  o f V e rr il l*  s paper i s  g iven  as  1879«»
The 1&79 and 188O re fe re n c e s  a re  b e lie v ed  to  r e l a t e  to  th e  same 
p u b lic a tio n  ( V e r r i l l  I 880) in  which th e  au tho r gave a very b r i e f  
d e sc r ip tio n  o f N .g r a c i l i s , which i s  im possib le  to  a sse s s  a c c u ra te ly . 
S ix  c a p il la ry -b e a r in g  segments a re  d esc rib ed , fo llow ed by segments 
w ith  hooks o n ly . No in fo rm ation  concerning th e  number o f th o ra c ic  
segments was g iv en . V e r r i l l  drew s im i la r i t i e s  between h is  new 
sp ec ie s  and Notomastus f i l i f o r m is  which Hartman p laced  in  th e  genus 
H eterom astus. However h is  o r ig in a l  d e sc r ip tio n  o f N .f i l i f o r m is  
( 1873) d i f f e r s  from th a t  g iven  in  th e  I 880 p ap e r . Hartman (1942) 
review ed V e r r i l l* s  type m a te r ia l b u t was unable to  lo c a te  N .g r a c i l i s . 
She d id  f in d  a j a r  la b e l le d  ** N. f i l i f o r m is  " b u t t h i s  was found to  
co n ta in  a  sm all c a p i t e l l i d ,  probably  C a p i te l l id e s , th u s  adding to  
th e  co n fu sio n . I n  1947 Hartman d iscu ssed  th e  r e la t io n s h ip  between 
N .g r a c i l i s  and H eterom astus and b e lie v ed  th a t  i t  may be a  member 
o f t h i s  genus, a lthough  th e  presence  o f s ix  in s te a d  o f seven seg­
ments w ith  c a p i l l a r i e s  would p rec lu d e  t h i s .
2 .4 .2  C a p i te l l id e s  M esnil ,1897 «
T his  genus was d esc rib ed  by M esnil in  l897 from m a te r ia l  c o l­
le c te d  from lam in a rian  h o ld fa s ts  in  th e  E n g lish  C hannel. The genus 
i s  d is tin g u ish e d  from C a p i te l la  by th e  p resence  o f a  copu la to ry  
ap p ara tu s  in  th e  fem ale as w ell a s  th e  m ale.
I
The type sp ec ie s  i s  C a p i te l l id e s  g ia r d i . T h is i s  only 10 mm 
long  w ith  35 -  45 segm ents. There a re  n ine  th o ra c ic  segments w ith  
a  s e t a l  form ula of; -
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1 -  6c 7H 8 - 9 G / H  
O ccasio n a lly  th e  seven th  segment co n ta in s  c a p i l l a r i e s ,  e i th e r  exc­
lu s iv e ly  , o r in  bundles a lso  co n ta in in g  hooks. The copu la to ry  
ap p ara tu s  i s  made up o f fo u r g e n i ta l  hooks w ith  a  sm a lle r , presum­
ab ly  replacem ent hook, a lo n g sid e  th e  main one in  each bund le .
A second sp ec ie s  was d esc rib ed  by Treadw ell (1939) as  C a p i te l l id e s  
t e r e s  and i s  now o f q u estio n ab le  s ta tu s  (Hartman 1959b). I n  1959 
Hartman d esc rib ed  C a p i te l l id e s  jo n e s i  from F lo r id a .  T h is  sp ec ie s  
d i f f e r s  from C a p i te l l id e s  g ia rd i  in  i t s  th o ra c ic  s e t a l  fo rm ula:-  
1 - 5 C 4 - 7 H  8 - 9 G  
Furtherm ore th e  g e n i ta l  a rm atw ' i s  b e t te r  developed w ith  th re e  
to  fo u r p a i r s  o f hooks in  each ■ segments e ig h t and n in e .
The f i r s t  segment i s  o f g re a t i n te r e s t  in  t h i s  genus. M esnil 
r e f e r r e d  to  t h i s  and decided to  d iscoun t i t  in  h is  th o ra c ic  count 
a s  he b e lie v ed  i t  to  be fused  w ith  th e  n e x t, i . e  th e  f i r s t  s e t ig ­
erous segment, as in  C a p i te l l a .  He r e fe r r e d  here  to  E i s ig .  H a rt­
man ( 1959b) d esc rib ed  th e  f i r s t  segment a s  an incom plete a se to u s  
r in g  v i s ib le  only from th e  d o rsa l s id e .  T h is g iv es  a  th o rax  o f 
te n  segm ents. T h is arrangem ent i s  c le a r ly  v i s ib le  in  l iv in g  spec­
imens o f C a p i te l l id e s  g ia r d i . However, i t  i s  n o t so obvious in  
p re se rv ed  m a te r ia l and i s  o f te n  only ev iden t as  a  s l i g h t  in d en t­
a t io n  in  th e  prostomium, w ith  which i t  i s  in  r e a l i t y  fused  (Fau- 
v e l 1927) .  T h is  i s  th e  case fo r  th e  m a te r ia l d esc rib ed  e a r l i e r  
under C a p i te l la  sp . ’C .  S im ila r ly  Hartman (1947) makes no men­
t io n  o f an ase to u s  peristom ium  in  h e r diagram o f th e  th o ra c ic  s e t a l  
form ula o f  C a p i te l l id e s , and F a u v e l(1927) g iv es  only n ine  th o ra c ic
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segments in  h is  key fo r  C a p i te l l id e s .
Day ( 1937) has s tu d ie d  th e  development o f C a p i te l l id e s  g ia r d i  
and f in d s  i t  rem arkably s im ila r  to  th a t  o f C a p i te l la  c a p i t a ta .
The fem ale broods th e  la rv a e  in  a  mucous cocoon u n t i l  m etam orphosis. 
T o ta l development tim e under th e  co n d itio n s  o f study  was f iv e  days.
I n  C a p i te l la  th e  la rv a e  spend tw elve days in  th e  tube  and a re  then  
u s u a lly  re le a s e d  fo r  a  p lan k to n ic  s tag e  o f n ine  days. However, 
G ra ss le  and G ra ss le  (1974) have found specimens o f C a p i te l la  c a p i ta ta  
in  which th e  la rv a e  do no t leav e  th e  p a re n ta l  tu b e . The c i l i a  
p a t te r n  on th e  la rv a e  i s  very  s im ila r  to  th a t  o f C a p i te l la  c a p i t a ta . 
The development o f eyes and nuchal organs i s  th e  same and th e  gut 
i s  formed in  th e  same way, a lthough  i t  opens a t  d i f f e r e n t  tim es 
in  th e  two gen era . I n  C a p i te l la  c a p i ta ta  i t  i s  open a t  th e  beginning 
o f th e  p lan k to n ic  s tag e  whereas in  C a p i te l l id e s  g ia rd i  i t  rem ains 
c lo sed  u n t i l  a f t e r  m etam orphosis. I n  both  genera th e  segments a re  
formed p r io r  to  th e  opening o f th e  g u t. I n  C a p i te l la  c a p i ta ta  
th e re  i s  an a se to u s  peristom ium , th re e  c a p il la ry -b e a r in g  segments 
and te n  w ith  hooks a t  m etam orphosis. I n  C a p i te l l id e s  g ia r d i  th e re  
a re  th i r te e n  hooked s e t ig e r s  p re s e n t .
The c lo se  resem blance o f th e  two genera in  development and 
morphology and h a b it  suggests  th a t  t h e i r  d iv is io n  i s  f a l s e .  S ince  
th e  o r ig in a l  (d e sc rip tio n  o f C a p i te l la  a s  a  genus w ith  se p a ra te  sexes 
w ith  g e n i ta l  hooks in  th e  male on ly , s e v e ra l v a r ia t io n s  in  th e  
theme have been encountered . A sex  change i s  known to  occur and 
th e re  i s  a  herm aphrod itic  sp e c ie s . B earing  th e se  f a c ts  in  mind, 
th e  occurrence o f g e n i ta l  hooks in  th e  fem ale as  w e ll a s  th e  male
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does no t seem to  be s u f f ic ie n t  to  w arran t g en eric  s t a t u s .  I  would 
su g g es t, th e re fo re ,  th a t  C a p i te l l id e s  should  be inc luded  in  th e  
genus C a p i te l l a .
2 .5  S tudy o f European p o p u la tio n s .
2 . 5 .1  Plym outh. G rid  r e f .  SX 538 4?8 Warren P o in t .
T h is  i s  a . la r g e  p o p u la tio n  w ith  up to  78,000  anim als p e r square 
m etre . F u r th e r  d e ta i l s  o f th e  a re a  under study can be found in  th e  
s e c tio n  on ecology ( 5 . I ) .
L iv in g  and p rese rv ed  m a te r ia l was examined over a  p e rio d  o f two 
y e a r s .  Over 2,000 in d iv id u a ls  were examined, o f which about 400 
were a d u l t .  The fo llow ing  d e sc r ip tio n  o f th e  p o p u la tio n  i s  based on 
a  s tudy  o f th e se  a d u l ts .
The prostomium i s  a  la rg e  w ell-developed  cone sometimes showing 
an in d ic a tio n  o f fu s io n  w ith  th e  t ru e  f i r s t  segm ent. T h is  d iv is io n  
appears and d isap p ears  accord ing  to  th e  s t a t e  o f ex ten sio n  o f th e  
prostomium in. l iv in g  worms and i s  o c ca s io n a lly  seen in  f ix e d  mat­
e r i a l .  Eyes a re  p re se n t in  young in d iv id u a ls  b u t r a r e ly  rem ain 
v i s ib le  in  th e  a d u l t .  Nuchal s l i t s  a re  very  i n d i s t i n c t .
The p ro b o sc is  i s  e v e rs ib le  b u t i s  seldom seen in  t h i s  s t a t e .
T h is  f a c t  p ro v ides a  u se fu l f i e l d  d i s t in c t io n  from th e  r e la te d  genus 
Notomastus in  which th e  p ro b o sc is  i s  c o n tin u a lly  being  ev e rted  and 
w ithdraw n. . The su rfa ce  o f th e  p ro b o sc is  if__shijiGr„in.a p p e^ an c e
The th o rax  i s  made )ip o f n ine  segm ents, a l l  s e t ig e ro u s . I n
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l iv in g  worms th e  su rfa ce  o f th e  th o rax  has a  crazy  paving appearance, 
be ing  d iv id ed  up in to  hexagonal segments e s p e c ia lly  in  th e  f i r s t  fou r 
or f iv e  segm ents. This p a t te r n  d isap p ears  in  p re se rv ed  m a te r ia ls .  A 
m id -v en tra l furrow  beg ins in  segment f iv e  and runs backwards to  th e  
end o f th e  body. Two l a t e r a l  furrow s a re  l e s s  w ell-m arked. The 
th o ra c ic  segments a re  sometimes d iv ided  by incom plete an n u lae , esp­
e c ia l ly  in  mid-segment a long  th e  l i n e  o f th e  p a rap o d ia . The l a t t e r  
a re  very  po o rly  developed and only reco g n isab le  by th e  p resence  o f 
th e  s e ta e .
The th o ra c ic  s e t a l  form ula v a r ie s  c o n s id e rab ly . S t a t i s t i c a l  
an a ly ses  show ,that t h i s  i s  la rg e ly  due i- age, as re p re se n te d  by th e  
le n g th  o f th e  th o ra x . Taking one core rm iple  ( f o r  d e ta i l s  o f c o l l ­
e c tio n  see  s e c tio n  3 «2ol) th e  le n g th  of th e  th o rax  was p lo t te d  a g a in s t  
th e  s e t a l  form ula. F o r t h i s  purpose th e  v a r ia t io n s  were ranked as 
shown below in  T able 7«
TABLE 7o Ranking o f th o ra c ic  s e ta l  form ulae.
s e t a l  form ula rank
1 -  3C 4 -  9H 1
1 -  30 4M 5 -  9H 2
1 -  4C 3 -  9H 3
1 -  40 5M 6 -  9H 4
1 -  58 6 -  9H 5
1 -  50 6m 7 -  9H 6
1 -  60 7 -  9H 7
1 - 6 0 7 M 8 - 9 G / H o r H 8
1 -  70 8 -  98 / H or  H 9
üu
The re g re s s io n  equation  o f s e t a l  form ula on th o ra c ic  le n g th  
was c a lc u la te d  as  shown in  F,ig . 9 .
However, worms w ith  bo th  types o f s e ta e  on segment seven have 
been found w ith  developing gam etes, a s  shown in  T able 8 . These 
worms a re  s h o r te r  th an  th o se  w ith  c a p i l l a r ie s  only on segment seven , 
a lthough  th e  d if fe re n c e  i s  s ig n i f ic a n t  only fo r  fem ale worms (T able 
9) • I t  i s  p o s s ib le  t h a t  th e  sm alle r mean le n g th  i s  due to  a  p ro ­
p o r tio n  o f immature, r a th e r  than  u n r ip e , . worms in  th e  sam ple. 
N e v e rth e le s s , th e re  a re  indicat; -is here  th a t  th e  o nset o f sexua l 
m a tu rity  in  t h i s  p o p u la tio n  oc(- m’s ,  in  some in d iv id u a ls  a t  l e a s t ,  
b e fo re  th e  complete development o f th e  s e t a l  p a t te r n .
The abdomen i s  th in n e r  and f l a t t e r  than  th e .th o ra x  and te rm in a te s  
in  a  sim ple c o l l a r - l ik e  pygidium . The abdominal segments a re  from 
th re e -q u a r te r s  to  one and a  h a l f  tim es a s  long  a s  wide depending on 
th e  s t a t e  o f c o n tra c tio n  and a re  g e n e ra lly  s l ig h t ly  s h o r te r  than  
th e  th o ra c ic  segm ents. A ll  abdominal segments b ear hooded hooks 
on po o rly  defin ed  p a ra p o d ia l r id g e s  p laced  n ear th e  r e a r  o f th e  
segm ent.
M ature fem ales a re  reco g n ised  by th e  p resence  o f w hite  pads 
around th e  g e n i ta l  po res and th e  p resence  o f eggs f r e e  in  th e  coelom.
A dult males a re  equipped w ith  g e n i ta l  hooks on segments e ig h t 
and n in e . These vary  in  number as  shown in  F ig .  10. Sometimes 
male g e n i ta l  hooks a re  p re se n t b u t th e se  can only  be d e tec te d  by 
d is s e c t io n s .  The s c a t t e r  diagram o f  th e  number o f g e n i ta l  hooks
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FIG, 9 . R e la tio n sh ip  between mean le n g th  o f th o rax  and th o ra c ic  
s e t a l  form ula in  0 . c a p i ta ta  from Plymouth,
th o ra c ic  
’ s e t a l  
form ula
le n g th  o f th o rax  in  mm
*t* = 6 . 015 . The re g re s s io n  l in e  i s  th e re fo re  s ig n i f ic a n t  a t  th e  
3 % l e v e l .  '
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A
TABLE 9 . Comparison between mean th o ra c ic  le n g th s  o f  worms
from Plym outh, Devon,
T horacic  s e t a l  form ulae ' t ' . ^ s ig n if ic a n c e  a t  5  ^  le v e l
1 -  7C 8 -  9G /H 
1 -  73 8 -  9H
0.2627 -
1 -  6C 7M 8 -  9G /H 
1 -  6C 7M 8 -  9H
0 .9268 —
1 -  7C 8 -  9G / a1 .. . .
1 -  G3 7M 8 •- 9G / a
0 .6926 —
1 -  70 8 -  95 
1 -  6C 7M 8 -  95
4 .9612 +
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a g a in s t  th o ra c ic  le n g th  (F ig . 10h) suggests  th a t  th e re  i s  no 
s ig n i f ic a n t  r e la t io n s h ip  between th e se  p a ram ete rs .
M ature worms have been found in  a l l  months o f th e  y ear and 
two l a r v a l  ty p e s , p lan k to n ic  and ben th o n ic , a re  known.
One in d iv id u a l showing s ig n s  o f sex re v e r s a l  has been found 
in  a  sample from t h i s  p o p u la tio n .
Complete specimens o f a d u lts  were r a r e ly  encountered so th a t  i t  
i s  d i f f i c u l t  to  g iv e  an a c c u ra te  assessm ent o f th e  number o f seg­
m ents, o r t o t a l  le n g th .
T h is  m a te r ia l should  f i t  in  w ith  C .c a p i ta ta  europaea (Wu 1964) 
b u t th e  h igh  p ro p o rtio n  o f worms w ith  a  s e t a l  form ula o f 1 -  yC 
su g g ests  h is  Goc a p i ta ta  c a p i t a ta .  Furtherm ore c a p i l l a r i e s  have 
never been found on segments e ig h t and n in e  as suggested  by Wu 
(1964) fo r  th e  European p o p u la tio n s  o f Coc a p i ta ta  europaea.
The f in e  s t r u c tu r e  o f th e  s e ta e  in  t h i s  p o p u la tio n  has been 
s tu d ie d  u sin g  l i g h t  and scanning e le c tro n  m icroscopy. The r e s u l t s  
a re  shown in  F ig s .  13 -  17 and F i g .22.
2 .3 .2  W h its tab le  popu la tion*  G rid  r e f .  TR 108 672.
T h is  p o p u la tio n  was sampled s e v e ra l tim es over a  th re e  y ear 
p e r io d  and th e  fo llow ing  d e sc r ip tio n  i s  based on l iv in g  and p re s ­
erved  m a te r ia l .
I n  g en e ra l body form t h i s  p o p u la tio n  does no t d i f f e r  from th e
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FIG. 10 , G e n ita l hooks in  C ,c a p i ta ta  from Plymouth.
a .  V a ria tio n  in  numbers o f genita^, hooks.
10
8J
6
no o f worms
- /2  2 /3  :-/z 4 /2  4 /3  4 /4  5 /2  5 /3
no o f p a i r s  o f g e n i ta l  hooks on segments 
8 /9  (observed w ithou t d is s e c t io n ) .
b . R e la tio n sh ip  between th e  number o f g e n i ta l  hooks and th e  
le n g th  o f th e  th o ra x .
8
observed no o f p a ir s  
g e n i ta l  hooks.
2 .
4 5 6 7
le n g th  o f th o rax  in  mm
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one from Warren P o in t ,  although. W h its tab le  worms a re  s ig n if ic a n t ly  
l a r g e r  (T able  10) .  The th o ra c ic  s e t a l  form ula shows a s im ila r  v a r­
ia t io n  a s  shown in  T able 11 .  One im portan t d iffe ren ce ' from th e  ! 
Plymouth p o p u la tio n  l i e s  in  th e  presence o f c a p i l la r y  s e ta e  in  seg­
ments e ig h t and n in e . Two specimens c o lle c te d  in  January  1975 had 
th e  fo llow ing  th o ra c ic  s e t a l  formula: -  
1 -  7C 8 -  9G (notopodia)
1 -  7C 8 -  9H and M (neuropodia) and
1 -  7C 8 -  9G (notopodia)
1 -  8M 9H and M ( n eu ropod ia)•
T h is  p a t te r n  i s  rem in iscen t o f th a t  found in  C .perarm ata  and i s
a lso  s im ila r  to  th a t  o f th e  v ^stern c o a s ta l  p o p u la tio n s  o f C .c a p i t ­
a ta  europaea a s  d esc rib ed  by Wu (1964) • However i t s  r e s t r i c t i o n  to  
only  two specimens ( 2 .7  ^  o f th e  sample) p rev en ts  i t  p lay in g  an 
im portan t p a r t  in  th e  d e sc r ip tio n  o f th e  p o p u la tio n . I t s  s ig n i f ­
icance  w ith  re g a rd  to  th e  o v e ra l l  taxonomy of C oc a p i ta ta  i s  d is ­
cussed  below ( s e c tio n  2 . 7) ?
A sm all p ro p o r tio n  o f th e  worms examined had blackened cap­
i l l a r i e s  in s te a d  o f the  more u su a l yellow  c o lo ra tio n . The b lack  
s e ta e  a re  a rran g ed  in  a  d e f in i te  way w ith  th e  most d o rsa l s e ta e  
in  th e  no topodia and th e  most v e n tra l  in  th e  neuropodia showing 
t h i s  p ig m en ta tio n . Sometimes th e  b lack ing  i s  r e s t r i c t e d  to  the  
base o f th e  c a p i l l a r i e s  and in  some in s ta n ce s  th e  whole s tru c tu re  
i s  a f f e c te d .  I n  males th e  g e n i ta l  hooks a re  very  o ccas io n a lly  
b la ck  a s  w e ll .  T h is co lou ring  i s  never found in  th e  hooded hooks.
As can be seen  from Table 11 i t  i s  o fte n  d i f f i c u l t  to  a cc u r-
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a te ly  determ ine th e  sex o f worms from t h i s  p o p u la tio n . I n  most 
samples th e re  i s  no problem and a d u lt  worms o f bo th  sexes can 
e a s i ly  be reco g n ised  as  fo r  th e  Plymouth p o p u la tio n  (se e  F ig .  11) ,  
b u t in  two samples (ta k e n  in  January  1973 and F ebruary  1974) th e  
p ic tu re  was confused . Worms w ith  th e  s e t a l  form ula 
1 _ YC 8 -  9-
a re  norm ally taken  as young males in  which th e  g e n i ta l  hooks have 
no t y e t developed. This: .is  in d ic a te d  by th e  f la t te n e d  shape of 
segments e ig h t and n in e  and appears to  be th e  case in  th e  th re e  
examples h e re , one o f which cohtaj led sperm m orulae. Worms in  
which s e ta e  a re  ab sen t from th e  n in th  notopodia only or .where very  . 
sm all s e ta e  a re  p re se n t a re  more d i f f i c u l t  to  a s s e s s .  Of s ix  worms 
w ith  m inute hooks, two were r ip e  males and two con tained  developing 
ova, a lthough  in  th e  l a t t e r  category  th e  shape was d e f in i te ly  th a t  
o f a  m ale. Four worms w ith  th e  form ula 
1 -  7C 8H 9-
were c o l le c te d .  A ll  had th e  ty p ic a l  male shape and y e t a l l  con­
ta in e d  developing ova. I n  th re e  c a se s , th e  eggs were f r e e  in  th e  
coelom and alm ost f u l ly  developed. No s ig n s  o f sperm development 
were seen  in  th e se  worms a t  th e  tim e o f c o l le c t io n .  Fo r tu n a te ly  i t  
was p o s s ib le  to  m ain ta in  some o f th e se  specimens in  th e  la b o ra to ry  
and to  observe any fu r th e r  changes. The r e s u l t s  o f t h i s  a re  ou t­
l in e d  in  T able 12. From t h i s  one must conclude th a t  th e se  worms a re  
undergoing a  change in  sex  from female to  male (se e  a lso  s e c tio n  
2 .4 .1 .1) .
2
The p o p u la tio n  i s  very  sm all, occupying only 2m in  i t s  f u l l  
e x te n t and i t  i s  q u ite  p o s s ib le  th a t  sex  changes a re  r e la te d  to
78
FIG, 11. E x te rn a l d if fe re n c e s  between th e  sexes in  C .c a p i ta ta » .
a .  Adult female l a t e r a l  view . b . Adult female d o rsa l view ,
segment 3 segment 7
v e n tr a l  furrowg e n i ta l  pore
7
8
'9
c .  Adult male d o rsa l view . d. Adult male l a t e r a l  view.
g e n i ta l  pore
T ra n s i t io n a l  s tag e
fo ld  in  sk in
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th is o  The r e v e r s a l  d id  n o t appear to  occur a t  a  p a r t i c u la r  s iz e  
or s ta g e  in  th e  female sex  cy cle  and i t  i s  l ik e ly  th a t  i t  i s  a  
response  to ,e x te r n a l  c o n d itio n s . The type o f change i s  however 
u n u su a l. Female C. c a p i ta ta  a re  known to  s to re  sperm so th a t  a  
s in g le  m ating w ith  a male w i l l  enable th e  worm to  produce la rv a e  
a t  s e v e ra l  subsequent d a te s . I t  would th e re fo re  seem more 'u s e f u l ' 
in  term s o f in c re a s in g  th e  p o p u la tio n  i f  males changed in to  fem ales. 
P o s s ib ly  t h i s  sex  change re p re s e n ts  a  r e v e r s a l  to  th e  male s t a t e  
o f worms which were o r ig in a lly ^  male and changed to  female fo r  one 
seaso n . There i s ,  however, no evidence fo r  t h i s .
G ra ss le  and G ra ss le  ( 197 '^ ' Imve found in d ic a tio n s  o f a  change 
from male to  fem ale in  p o p u la tio n s  from M assachuse tts , U.S.A. and 
have confirm ed t h i s  in  th e  la b o ra to ry . They b e lie v e  th a t  th e  
herm aphrodite  in d iv id u a ls  may be s e l f - f e r t i l i s i n g  b e fo re  the  sex  
change i s  com plete. T h is  would be o f obvious advantage in  ra p id ly  
e s ta b l is h in g  a  p o p u la tio n  where only a  few in d iv id u a ls  have s e t t l e d .
A sm all number o f th e  worms c o lle c te d  a t  W h its tab le  had a  sp o t­
te d  appearance on th e  v e n tra l  su rfa ce  o f th e  th o ra x , e sp e c ia lly  
around segments f iv e  and s ix .  The markings a re  no t r e s t r i c t e d  
to  one sex  and th e  worms a f fe c te d  could  no t be d is tin g u ish e d  in  
any o th e r way. They were d i f f e r e n t  from th e  sp o ts  found on 
C a p i te l l a  'p u n c ta te ' and in s te a d  resem bled sm all b l i s t e r s .  I t  i s ,  
o f c o u rse , p o s s ib le  th a t  th ey  were, in  f a c t ,  a  response  to  some 
in f e c t io n .
2 ,5 .3  R hosneigr p o p u la tio n , A nglesey. G rid  r e f .  SH 313 727.
One sample was taken  from t h i s  p o p u la tio n  in  O ctober 1972.
The worms were found in  sand , covered w ith  r o t t in g  seaweed along 
th e  course  o f a  d rainage channel on th e  beach a t  R hosne ig r. The 
s iz e  o f th e  p o p u la tio n  was n o t e stim ated  b u t i t  s tre tc h e d  over a 
la rg e  a re a  and th e  worms were in  la rg e  numbers.
The th o ra c ic  s e t a l  form ulae o f th e se  worms i s  i l l u s t r a t e d  in  
T able 13* A lthough b a s ic a l ly  s im ila r  to  th e  p a t te rn s  shown in  th e  
p rev io u s  p o p u la tio n s  th e re  a re  many more m ature -ind iv iduals  w ith  
c a p i l l a r i e s  and hooks on segment seven . T h is  i s  a  s ig n if ic a n t  d i f ­
fe ren ce  from th e  W h its tab le  p o p u la tio n  and may in d ic a te  a  g en e tic  
d if fe re n c e  between th e s e  p o p u la tio n s  (T able 14) .  However, th e  r e l ­
a tio n s h ip  between s e t a l  form ulae and s iz e  has a lre ad y  been men­
t io n e d . The worms from R hosneigr a re  s ig n i f ic a n t ly  la rg e r  than  
th o se  from Plymouth (se e  Table 10) and may no t achieve th e i r  f in a l  
s e t a l  form ula u n t i l  reach in g  a  la r g e r  s iz e  s t i l l .  I n  t h i s  case a  
sample tak en  a t  a  l a t e r  d a te  would no lo n g er show a preponderance 
o f in d iv id u a ls  w ith  mixed s e ta e  on segment seven .
Three o f th e  worms from t h i s  sample had th e  sp o tte d  co n d itio n  
re p o r te d  from th e  W h its tab le  worms.
2 . 3 .4  Dutch p o p u la tio n s . F o r . . lo c a l i t i e s  see F ig .  12.
C oc a p i ta ta  has been c o lle c te d  by p rev ious w orkers from many 
l o c a l i t i e s  along  th e  Dutch c o a s t . W olff (1973) has d iscu ssed  th e  
ecology o f th e  worm in  th e  e s tu a r in e  co n d itio n s  o f th e  Dutch d e l ta  
a re a .  The fo llow ing  d e sc r ip tio n  i s  based on many samples taken  
over s e v e ra l y e a rs  and d ep o sited  in  th e  Rijks-Museum van N a tu u r lijk e  
H is to r ié ,  L eiden , th e  N e th erlan d s .
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TABLE 13» T horacic  s e t a l  form ula o f C « cap ita ta  from R hosne ig r.
.... .. ■ " ......-
p  ormula no worms no worms w ith  
gametes
Mean le n g th  o f 
th o rax  in  mm
1 -  70 8 -  9H 8 6 9 .762  i  0 .200
1 -  7C 8 -  9G /H
i
1 1 9 .0
1 -  6c 8 -  9H 8 5 6.581  t  0.336
1 - 6C 7M 8 - 9G /H 6 , 4 7.483 -  0.991
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Because o f th e  n a tu re  o f th e se  samples i t  has no t been p o ss ib le  
compare them d i r e c t ly  w ith  th e  B r i t i s h  p o p u la tio n s . F i r s t l y ,  th e  
poor p re s e rv a tio n  has p rec luded  any exam ination fo r  g e n i ta l  p ro­
d u c ts  in  most in s ta n c e s . Secondly , th e  la c k  o f d e ta i le d  eco lo g ica l 
in fo rm atio n  makes i t  im possib le  to  r e l a t e  th e  th o ra c ic  s e t a l  form­
u la e  to  th e  on set o f sexua l m a tu rity . F urtherm ore , i t  i s  o fte n  
d i f f i c u l t  to  r e l a t e  one sample to  an o th er as  th e  p re c is e  in t e r ­
r e l a t io n s  o f th e  d i f f e r e n t  sam pling a re a s  a re  no t known. I n  
j view o f t h i s ,  th e  study  was co n cen tra ted  on two main sampling a re a s , 
th e  W esterschelde and G revelingen  e s tu a r ie s .  As can be seen from 
F ig .  12 th e se  a re  no t d i r e c t ly  connected to  each o th e r .  I n  add­
i t i o n  s e v e ra l  c o a s ta l  samples have been examined, and in  view o f 
th e  constancy o f . th e  m a te r ia l ,  grouped to g e th e r . The da ta  ob ta ined  
a re  summarized in  T able 1$ '.
I t  i s  a t  once obvious th a t  th e  worms from W esterschelde a re  
d i f f e r e n t .  A wide range o f th o ra c ic  s e t a l  form ulae was found, 
th e  p r in c ip a l  ones being  i l lu s tr a te d ,b e lo w  in  Table l 6 .  The most 
s t r ik in g  fe a tu re  i s  th a t  in  some worms hooks a re  r e ta in e d  in  seg­
ment fo u r a f t e r  t h e i r  replacem ent in  fo llow ing  segments so th a t  
th e  development o f c a p i l l a r i e s  appears to  occur in  re v e rse  of 
normal o rd e r . The presence  o f a  la rg e  number o f in d iv id u a ls  w ith  
a  f u l l  complement o f c a p i l l a r i e s  suggests  th a t  th e  odd th o ra c ic  
s e t a l  form ulae re p re se n t an unusual sequence o f s e ta l  replacem ent 
r a th e r  th an  a d i f f e r e n t  p a t te r n  as  such . T his i s  fu r th e r  evidence 
fo r  th e  n o tio n  th a t  th e  development o f s e t a l  types in  t h i s  sp ec ie s  
i s  very  p l a s t i c  and may be a f fe c te d  by environm ental f a c to r s .  I t  
would be very  in te r e s t in g  to  examine t h i s  p o p u la tio n  more c lo se ly
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TABLE 16 . T horacic  s e t a l  form ulae o f th e  W esterschelde 
p o p u la tio n  o f C.c a p i t a t a .
T horacic  s e t a l  form ula no, o f worms
1 - 3 C 4 - 7 H 8 - 9 G / H 1
I - . 3 0 4 - 5H 6M 7H 8 - 9G/ H 1
1 - 3 C 4 M 5 - 7 H 8 - 9 G / H 1
1 - 3 c 4 - 5 M 6 - 7 H 8 - 9 G / H 2
1 -  3G 4 -  6M 7S 8 -  93 / H 2
1 - 3 C 4 - 7 M 8 - 9 G / H 1
1 -  30 4M 5 r  6c 7H 8 -  9Gy/H 1
1 - 3 C 4 M 5 - 7 C 8 - 9 G / H 1
1 -  43 3M 6 -  7H 8 . -  9G /H 1
1 - 3 0  6 -  7E 8 -  9G / H 2
1 -  3C 6m 7H 8 -  90 / H 1
1 -  30 6 -  7M 8 -  90 / H • ..........  1
1 -  6C 7M 8 -  9G / H ............................ ............. 2
1 -  70 8 -  90 / H ............. .......... .......... • 3 3
uü
and to  fo llow  th e  development through in  th e  la b o ra to ry .
The p o p u la tio n  from G revelingen  more c lo se ly  resem bles B r i t ­
is h  p o p u la tio n s  in  th a t  v i r t u a l ly  a l l  th e  worms examined had s ix  
segments w ith  c a p i l l a r i e s  on ly . Segment seven was v a r ia b le  w ith  
44 °/o o f th e  specimens having hooks a s  w e ll as c a p i l l a r i e s .  Due 
to  in s u f f ic ie n t  d a ta  i t  has no t been p o s s ib le  to  r e l a t e  th e  
form ula to  th o ra c ic  le n g th .
I n  a l l  cases th e  s iz e  o f th e  worms was very  sm a ll. The 
range from one sample to  ano ther was very  sm all and th e  mean 
le n g th  o f them a l l  has been c a lc u la te d  and found to  be s ig n i f ­
ic a n t ly  s h o r te r  th an  th a t  o f Plymouth p o p u la tio n s  (s e e  Table 10 ). 
I t  i s  very  in te r e s t in g  to  no te  th a t  in  th e se  sm alle r worms th e  
eyes a re  o f te n  v is ib le  in  a d u lt  specim ens.
2. 6  The s t ru c tu re  o f th e  hooded hooks in  C a p i te l l id a e .
Hartman (194? ) ,  r e f e r r in g  to  hooded hooks in  C a p i te l l id a e  
s ta te d  th a t  "These hooks a re  no t only h ig h ly  s p e c if ic  . . . . b u t  so 
d i f f e r e n t  e x t r a s p e c i f ic a l ly  as  to  be one o f th e  f in e s t  means o f 
s p é c ia tio n  th a t  has been d isco v ered " . However, as she a lso  
p o in te d  out "The m inuteness o f  th e se  s t ru c tu re s  enhances th e  
p o s s i b i l i t i e s  o f  a b e r ra t io n  o r m is in te rp re ta t io n " . U sing the  
h ig h e s t m ag n ifica tio n s  a v a ila b le  w ith  l i g h t  microscopy Hartman 
was a b le  to  determ ine th e ...se ta l s t r u c tu r e ,  a s  shown in  F ig s .  1 
and 2 , o f  C .c a p i t a ta . A lthough she b e liev ed  s p e c if ic  d iffe re n c e s
occu rred  in  many a sp e c ts  o f th e  hooks th e  number and arrangem ent 
o f th e  te e th  was considered  to  be most im portant* She in v e s t ig ­
a te d  many c a p i t e l l i d s  and found th a t  th e  te e th  were most commonly 
found in  a s in g le ,  s l ig h t ly  arched  row, w ith  se v e ra l rows occu rr­
ing  only r a r e ly .
F ig .  13 i l l u s t r a t e s  th e  d i f f i c u l t i e s  encountered by Hartman 
and h e r con tem poraries. T h is  shows a  hooded hook ’.from th e  th i r d  
abdominal segment o f C .c a p i ta ta  from Plym outh. As can be seen , 
i t  i s  extrem ely d i f f i c u l t  to  a sse ss  th e  number o f te e th  p re s e n t .  
Even by a d ju s t in g  th e  p o s i t io n  o f th e  hook i t  was no t p o s s ib le  
to  d is t in g u is h  more th an  fou r te e th  w ith  any c e r ta in ty .
F ig .  l4  i s  a scanning e le c tro n  m icrograph o f a  hooded hook 
tak en  from th e  same worm. I t  i s  im m ediately obvious th a t  p re ­
v ious d e sc r ip tio n s  have been u n s a tis fa c to ry  as  th e re  a re  indeed 
s e v e ra l  rows o f t e e th  p re se n t here  w ith  a t  l e a s t  f iv e  te e th  in  a 
row. T h is  f a c t  sheds much doubt on th e  u se fu ln e ss  o f l i g h t  mic­
roscopy fo r  th e  d e sc r ip tio n  o f s e ta e  b u t th e re  i s  one major ad­
vantage in  t h i s  method. I n  F ig .  l4  th e  te e th  a re  v is ib le  because 
th e  hood has been p u lle d  back, o r to rn ,  b u t i f  th e  fang had been 
enclosed  w ith in  th e  hood, as  i s  th e  most u su a l c a se , th e  te e th  
would no lo n g er be v i s ib le  ( see F ig .  22 c , d, e ) .  When viewed 
under th e  l i g h t  m icroscope th e  hood i s  tra n sp a re n t and a super­
f i c i a l  id ea  o f th e  und erly in g  fang s t ru c tu re  may be a s c e r ta in e d .
F ig .  l4  i s  ty p ic a l  o f th e  C; c a p i ta ta  hooks. The fang i s  long
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PIG. 13* C a p ite lla  c a p ita ta , Plym outh. Photomicrograph o f
hooded hook. Phase c o n tr a s t . S c a le  rep re se n ts  ^0 ;im.
FIG. l4o C a p i te l l a  c a p i t a t a , Plym outh. Scanning e le c tro n  m icro­
graph o f a  hooded hook to  show th e  arrangem ent o f  te e th ,  
F ro n ta l  view . Hood removed. S c a le  re p re s e n ts  1 jim.
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and p o in te d . There a re  fo u r rows o f t e e th  w ith  th e  t e e th  in  
one row a l te r n a t in g  w ith  those  in  th e  nex t to  g ive  an i n t e r ­
lo ck in g  p a t te r n .  The te e th  g e t sm aller towards th e  top  o f th e  
hook. As viewed from t h i s  angle  th e re  a re  t h i r t y - f iv e  te e th  
w ith  s ix  in  th e  f i r s t  row; e ig h t in  th e  second; then  te n  and 
f i n a l ly  a  row o f e leven  sm alle r t e e th .  I n  many in s ta n ce s  th e  
c e n tr a l  t e e th  o f each row a re  s l ig h t ly  la rg e r  th an  th e  o th e rs , 
a lth o u g h  t h i s  i s  no t obvious from t h i s  m icrograph. The hood i s  
ab sen t com pletely  from t h i s  hook.
A very  s im ila r  p a t te r n  was found in  a l l  th e  hooks o f C. cap­
i t a t a  from th e  Plymouth p o p u la tio n . An e s tim ate  o f th e  number ■ 
o f  te e th  p re se n t was made, a lthough  t h i s  was sometimes r a th e r  rough 
a s  th e  com plete su rfa ce  o f th e  hook could no t be examined. Never­
th e le s s ,  th e  numbers were very  s im ila r  w ith  s ix  or seven in  th e  
f i r s t  row and e ig h t o r n in e  in  th e  second. The th i r d  row was 
o f te n  d i f f i c u l t  to  see  b u t a t  l e a s t  seven te e th  were p re sen t in  
a l l  c a s e s . I n  some specimens only th re e  rows were p re se n t but 
in  o th e rs  th e  p re c is e  arrangem ent was d is ru p te d  and th e re  were 
s ix  or seven incom plete rows as  shown in  F ig .  13* T h is  apparen t 
in c o n sis te n c y  might be due to. th e  cu rv a tu re  o f th e  rows making 
i t  d i f f i c u l t  to  d is t in g u is h  one row from ano ther a t  c e r ta in  
a n g le s .
I n  most cases th e  hood surrounded th e  fang so th a t  one could . 
no t be c e r ta in  th a t  a l l  th e  te e th  were v i s ib le  (se e  F ig .  l 6) .  
However, in  some in s ta n c e s  th e  hood i s  drawn r ig h t  back and th e
I
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FIG. 13" C a p ite lla  c a p ita ta , Plym outh. Scanning e le c tr o n  m icro­
graph o f  a hooded hook w ith  hood p a r t ia l ly  coverin g
fango S c a le  rep re se n ts  1 yim.
FIG. 16 .  C a p i te l la  c a p i t a t a , Plym outh. Scanning e le c tro n  m icro­
graph o f a  hooded hook w ith  hood covering  fan g . S c a le  
re p re s e n ts  1 pm.
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o r ig in  o f th e  te e th  can be seen when th e  hook i s  examined from 
th e  s id e  a s  in  F ig .  17 .
T h is  b a s ic  p a t te r n  was found in  a l l  th e  worms examined from 
Plymouth re g a rd le s s  o f p o s i t io n  on th e  body o r age or s t a t e  o f 
sexua l m a tu r ity .
Exam ination o f hooks from o th e r p o p u la tio n s  o f C.c a p i t a ta  
showed no c le a r  d if f e r e n c e s . Specimens from W h its tab le  showed 
fo u r rows o f te e th  w ith  an e stim ated  s ix  te e th  in  th e  f i r s t  row 
and a t  l e a s t  e ig h t in  th e  second. The sm alle r te e th  o f th e  o th e r 
rows could  n o t be counted .
M a te r ia l from Canada a lso  showed se v e ra l rows o f te e th  on 
th e  hook, many o f which were u n fo r tu n a te ly  damaged. I t  was 
d i f f i c u l t  to  s e p a ra te  th e  rows in  th e se  specimens b u t a t  l e a s t  
fo u r were p re s e n t .  The te e th  them selves were very  la rg e  and 
f a i r l y  w idely spaced , b u t th e re  were s t i l l  f iv e  or s ix  in  th e  
f i r s t  row.
C a p i te l l a  sp . from A u s tra l ia  showed four very  c le a r  rows o f 
te e th  and, in  o v e ra l l  shape, was in sep a ra b le  from th e  Plymouth 
specim ens, as shown in  F ig .  l 8 . The hood s t ru c tu re  in  th i s  worm 
was a lso  l i k e  th a t  o f th e  Plymouth worms as  shown in  F ig .  22d.
C a p i te l l a  c a p i ta ta  o c u la ta  a lso  showed se v e ra l rows o f te e th  
b u t only th re e  were d i s t i n c t .  A fo u r th , l e s s  marked row* re p re s ­
en tin g  th e  s e r r a te d  edge o f th e  o u te r  la y e r  o f th e  fang* s im ila r  
to  th a t  shown..in F ig .  17 * was a lso  p re s e n t .
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FIG. 17* C a p ite l la  c a p ita ta , Plymoutho S ea m in g  e le c tr o n  m icro­
graph o f  a hooded hook w ith  hood removed* L a te r a l view,
S c a le  rep re se n ts  1 jim*
FIGo 180 C a p i te l l a  sp * , A u s tra lia *  S eam in g  e le c tro n  m icrograph 
o f a  hooded hook* F ro n ta l  view . S c a le  r e p re s e n ts  1 jim.
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C .c a p i ta ta  o v inco la  d if f e r e d  from th e  o th e r samples in  th e  
shape o f th e  fan g . A lthough th e  shape does v a ry , and in  some 
Plymouth specimens i s  very  p o in te d , th e  co n d itio n  in  t h i s  sample 
i s  extreme (F ig . 1 9 ). Again se v e ra l rows o f te e th  a re  p re s e n t .
One.specim en o f C .herm aphrodite  was examined and found to  
be id e n t ic a l  to  th e  Plymouth worms.  ^ Four rows o f te e th  were 
p re s e n t w ith  s ix  in  th e  f i r s t  row, seven in  th e  second, a t  l e a s t  . 
s ix  in  th e  t h i r d  and a t  l e a s t  seven in  th e  fo u r th .
F o r comparison th e  hooded hooks o f Notomastus l a te r ic e u s  
were s tu d ie d . These a re  b a s ic a l ly  s im ila r  to  th o se  o f C .c a p i ta ta  
b u t th e re  a re  more rows (up to  f iv e  being  normal) and many more 
te e th  as shown in  F ig .  20. I n  a d d itio n  th e  te e th  o f th e  f i r s t  
row a re  very  la rg e  a s  shown in  F ig .  21.
F urtherm ore , Thomas s in  and P ic a r d 's  study  o f the  hooks in  
D asybranchus caducus (1972) shows a very  s im ila r  arrangem ent o f 
te e th  w ith  fo u r row s. S ix  la rg e  te e th  occur in  th e  f i r s t  row; 
e ig h t in  th e  second; f iv e  sm a lle r ones in  th e  th i r d  w ith  th e  very 
sm all t e e th  o f th e  fo u r th  row forming a  c re sc en t around th e  o th e r 
row s. T h is  arrangem ent o f th e  rows them selves i s  th e  p r in c ip a l  
d if fe re n c e  from C.c a p i t a ta  hooks.
Thomassin and P ic a rd  b e lie v e  th a t  s te reo sc an  techn iques 
enab le  th e  taxonom ist to  s e p a ra te  geograph ica l v a r i e t i e s  o f 
cosm opolitan  s p e c ie s . W hils t re c o g n is in g  th a t  many fe a tu re s  o f 
th e  hook may show v a r ia t io n  they  b e lie v e  th a t  only d if fe re n c e s
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FIG. 19. C ap ite lla  ovincola* Scanning e lec tron  micrograph of 
hooded hooks to  show the shape of the fang* Scale 
rep resen ts  2 )wio
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FIGo 20. Notomastus l a t e r i c e u s o Scanning e le c tro n  micrograph.
o f  a  hooded hook to  show th e  rows o f te e th *  S c a le  
re p re s e n ts  1 p n .
FIG. 21* Notomastus l a t e r i c e u s . Scanning e le c tro n  m icrograph 
o f a  hooded hook w ith  hood removed. F r o n ta l  view .
S c a le  re p re s e n ts  0*5 ^ *
101
iü2
in  th e  te e th  arrangem ents can be used s in ce  th e se  a re  s u f f ic ­
ie n t ly  c o n s tan t i n t r a s p e c i f i c a l ly .  However, t h e i r  own r e s u l t s  
i l l u s t r a t e  th e  d i f f i c u l t i e s  in  p re c is e ly  d esc rib in g  t h i s  f e a t ­
u re  and some o f th e  m icrographs o f Dasybranchus spp* a re  in ­
d is t in g u is h a b le  from C a p i te l l a . T h is  i s  n o t to  say th a t  th a  
arrangem ents o f th e  te e th  a re  no t very  s p e c if ic  b u t th a t  i t  i s  
v i r t u a l ly  im possib le  to  determ ine t h i s  arrangem ent a c c u ra te ly . 
However, th e se  au th o rs  a lso  n o tic e d  very  marked d if fe re n c e s  in  
th e  s t r u c tu r e  o f  th e  hoods in  Dasybranchus b u t were do u b tfu l o f 
t h e i r  s ig n if ic a n c e .  T h is  i s  a  very  easy ^mature to  study and, 
a lthough  no g re a t v a r ia t io n  was shown in  C a p i t e l l a , i t  could 
prove a  very  u s e fu l  taxonomic fe a tu re  in  o th e r members o f th e  
fam ily . However, th e  manner o f p re p a ra t io n  can a l t e r  t h i s  as 
shown in  F ig .  22 c , d, e . I n  th e  l a t t e r  c r i t i c a l  p o in t drying 
has been used and th e  hood ta k e s  on th e  s e r r a te d  appearance 
d e sc rib ed  fo r  D asybranchus.
From th e se  r e s u l t s  one can conclude th a t  th e  v a r ia t io n  in  
s e t a l  s t ru c tu re  between sp ec ie s  i s  no g re a te r  than  th a t  o ccu rrin g  
between in d iv id u a ls .  Indeed  the  d if fe re n c e  • between genera i s  
i t s e l f  n o t g r e a t ,  and in  view o f th e  in t r a s p e c i f i c  v a r ia t io n  i t  
i s  n o t a  very  s a t i s f a c to r y  taxonomic fe a tu re .
This; s tudy  i l l u s t r a t e s  th e  im portance o f s tudy ing  th e  hooks 
from th e  same an g le  wher;ever p o s s ib le .  F ig .  22 shows th e  e f f ­
e c ts  o f a l t e r in g  th e  ang le  o f the  hook on th e  g en e ra l im pression 
o b ta in e d . Thus in  F ig ,  22a th e  s iz e  o f th e  te e th  on th e  two
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FIGo 22o The e f f e c t  o f d i f f e r e n t  p re p a ra to ry  tech n iq u es  on th e  
in te r p r e ta t io n  o f scanning e le c tro n  m icrographs.
FIG. 22a* Notomastus l a t e r i c e u s * Two hooded hooks showing th e  
e f f e c t  o f th e  viewing ang le  on th e  ap p aren t s iz e  o f 
th e  t e e th .  S c a le  re p re se n ts  1 p n .
FIG. 22b* C a p i te l la  herm aphrod ita* View o f hooded hooks from 
below* S c a le  re p re s e n ts  1 pm*
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hooks cannot be a c c u ra te ly  a sse sse d . I n  F ig .  22b th e  hooks a re  1 
examined from underneath  showing d e ta i l s  o f  th e  hood. The e f f ­
e c t  o f changing th e  ang le  on th e  p ic tu re  o f  th e  hood i s  i l l u s t ­
r a te d  in  F ig s .  22c and d.
I n  d ea lin g  w ith  p re se rv ed  m a te r ia l ,  much o f i t  w ith  l i t t l e  
known h is to r y ,  i t  i s  d i f f i c u l t  to  be c e r ta in  w hether any observed 
s e t a l  v a r ia t io n s  a re  in d iv id u a l o r s p e c if ic  d if f e r e n c e s . I n  
t h i s  s tudy  very  l i t t l e  v a r ia t io n  was found accord ing  to  th e  
p o s i t io n  on th e  body, save th a t  th e re  were fewer hooks towards 
th e  end o f th e  body. S im ila r ly  th e re  was no apparen t d iffe re n c e  
which could  be r e l a t e d  to  age o r sex . N ev erth e le ss  i t  i s  r e a s ­
onable to  expect th a t  changes due to  th e  environment could occur 
.during  the! l i f e  o f  a worm, and indeed th e re  was much evidence o f 
damage to  hooks in  th e  m a te r ia l  s tu d ie d . Replacem ent hooks, 
developed under d i f f e r e n t  c o n d itio n s  to  th e  o r ig in a l  ones, 
could  w e ll be d i f f e r e n t  in  t h e i r  form . H il lg e r  and R eish  (1970) 
dem onstrated th e  p l a s t i c i t y  o f s e t a l  s t ru c tu re  in  polynoid  p o ly - 
ch ae te s  in  n o tin g  th e  e f f e c t s  o f tem peratu re  on th e  form o f 
re g e n e ra te d  s e ta e  in  Halosydna spp . However, G affney (1973) 
q u estio n ed  t h e i r  co nclusions and reco g n ised  th a t  th e re  was 
extrem e h e te ro g e n e ity  in  n a tu ra l  p o p u la tio n s  o f H .b re v is e to s a .
He was unable to  ex p la in  t h i s  v a r ia t io n ,  b u t i t  may be supposed 
th a t  some environm ental fa c to r  could  account fo r  some o f  i t  a t  
l e a s t .
I n  any ev en t, i t  seems c e r ta in  th a t  H artm an 's sta tem en t on • 
th e  s p e c i f i c i ty  o f s e t a l  s t ru c tu re  i s  no lo n g er a cc e p tab le .
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FIG. 22co C a p ite lla  c a p ita ta , Plymouth* View o f  hood from above,
S c a le  rep re se n ts  1 pim*
F ia«  22d« C a p i te l l a  c a p i t a t a , Plymouth* F r o n ta l  view o f hood, 
S c a le  r e p re s e n ts  1 pm*
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FIG. 22e* C ap ite lla  c a p ita ta . Plymouth* View of hood following 
c r i t i c a l  po in t drying* Scale rep resen ts 1 pim*
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Many f a c to r s ,  b o th  g e n e tic  and environmental.,; may a l t e r  th e  
form o f th e  s e ta e  and in  a d d itio n  th e  su b je c tiv e  approach o f 
in v e s t ig a to r s  makes i t  necessa ry  to  e x e rc ise  extreme cau tio n  
when ev a lu a tin g  th e  im p o r té e s  o f s e t a l  s t r u c tu r e .
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2 .7  D iscu ssio n  and co n c lu s io n s .
From th e  above d e s c r ip tio n s  i t  i s  im m ediately c le a r  th a t  
th e  e x is t in g  c r i t e r i a  used in  making taxonomic d e c is io n s  in  
t h i s  fam ily  a re  u n s a t i s f a c to ry .  Most obvious in  t h i s  re s p e c t 
i s  th e  s iz e  fa c to r*  Hartman (1947) took th e  le n g th  o f specimens 
as  one reaso n  fo r  e re c t in g  a  new su b sp ec ies , C .c a p i ta ta  o v in c o la , 
a lthough  th e  le n g th s  measured were w ell w ith in  th e  range found 
fo r  th e  ty p e . I n  m a te r ia l  th a t  I  have examined a d u lt  worms have 
been found w ith  a  th o ra c ic  le n g th  o f only 1 .9  mm ( t o t a l  le n g th  
approx . 6 mm) from H olland  ran g in g  up. to  15«3 mm fo r  th e  th o r ­
a c ic  le n g th , w ith  a   ^ rbal le n g th  o f over 67 mm fo r  a  specimen 
from Canada. As e a r ly  as  1868 C laparede reco g n ised  th a t  th e  
s iz e  o f worms v a r ie d  accord ing  to  th e  l o c a l i t y  and th a t  th i s  
fe a tu re  was o f no use  tax o nom ically . T h is  i s  because s iz e  can 
be a f fe c te d  very  g re a t ly  by environm ental cond itions*  I n  th e  
co ld e r h ig h e r l a t i t u d e s  body s iz e  i s  o f te n  very  g re a t in  p b ly - 
c h a e te s , and t h i s  i s  t r u e  fo r  C .c a p i t a ta . Clapar&de ( 1861) 
fo r  example, found worms up to  l40  mm long  in  the H eb rid es.
I n  warmer w aters th e  r e la t io n s h ip  between s iz e  and m a tu rity  i s  
changed and th e  worms a re  se x u a lly  p reco c io u s  in  t h e i r  devel­
opment. S im ila r ly  th e  amounts o f food a v a ila b le  must e x e r t an 
e f f e c t  on th e  s iz e ,  b u t i t  i s  no t u su a lly  p o s s ib le  to  a sse ss  
t h i s  f a c to r  when stu d y in g  th e  taxonomy o f a  p o p u la tio n .
The most im p o rtan t, indeed in  some cases th e  on ly , d iag ­
n o s t ic  fe a tu re  s e p a ra tin g  genera in  th e  C a p i te l l id a e  i s  th e
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number o f segments in  th e  th o rax  and th e  type o f s e ta e  p re se n t 
on th e s e .  The number o f segments i s  determ ined a t  a  very  e a r ly  
s tag e  o f development and i s  n o t th e re fo re  s u b je c t to  env iron­
m ental m o d if ic a tio n . I n  g en e ra l i t  can be e a s i ly  determ ined 
and i s  a  very  u s e fu l  key f e a tu r e .  There ajre, however, two 
in s ta n c e s  in  which d i f f i c u l t i e s  a re  encountered . I n  some cap- 
i t e l l i d s  th e  boundary between th o rax  and abdomen i s  no t p re c is e  
and one or more t r a n s i t i o n a l  segments o ccu r. T h is  happens in  
th e  genus Mediomastus Hartman where d i f f e r e n t  sp ec ie s  have a 
d i f f e r e n t  number o f th o ra c ic  segments- in  such cases one must 
r e f e r  to  o th e r f e a tu re s  and make d e ta i le d  com parisons w ith  sim­
i l a r  g en era . F o r tu n a te ly  t h i s  problem i s  no t encountered in  
C a p i te l l a  or c lo se ly  r e l a t e d  g en era . The r e la t io n s h ip  between 
th e  prostomium and th e  f i r s t  s e t ig e r  can, however, cause d i f f ­
i c u l t i e s .  C a p i te l l a  has n ine  th o ra c ic  segments a l l  o f which 
a re  s e t ig e ro u s . I n  a l l  o th e r gen era , except fo r  th o se  c lo se ly  . 
a s s o c ia te d  w ith  C a p i t e l l a , th e re  i s  an a se to u s  peristom ium . I t  
i s  though t th a t  t h i s  s i tu a t io n  has a r is e n  by th e  fu s io n  o f  two 
segm ents. E is ig  ( 1887) gave evidence fo r  th e  fu s io n  o f th e  
bucca l segment w ith  th e  prostomium and th i s  view i s  upheld  by 
F auvel (1927) and B erkeley  and B erkeley  (1932). M esnil ( I 897) 
b e lie v e d  th a t  th e  peristom ium  was fused  w ith  th e  f i r s t  s e t ig e r  
o r second segm ent, b u t t h i s  n o tio n  was based on a m isconception 
o f E i s i g 's  work. I n  any event th e  r e s u l t  o f t h i s  fu s io n  i s  
u s u a lly  c le a r  cu t in  C a p i te l l a . However, as  d esc rib ed  above 
in  s e c tio n  2 . 4 . 1 .6  th e  shape o f th e  prostomium can le a d  to  th e  
assum ption th a t  an a s e ta l  peristom ium  i s  p re s e n t .  Hartman and
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Fauchald  ( l9 7 l)  a lso  d esc rib ed  C a p i te l l a  near c a p i ta ta  which 
a lso  has an a se to u s  peristom ium  a lthough  they  d id  no t d is ty  
in g u ish  i t  from .C .c a p i t a ta  by t h i s  f e a tu re .
The problem became even more confusing  when co n sid erin g  
C a p i te l l id e s . L ike C a p i te l l a  i t  has n ine  s e tig e ro u s  segments 
in  th e  th o ra x  and th e  f i r s t  anatom ical segment i s  fused  w ith  
th e  peristom ium . However, as d esc rib ed  in  s e c tio n  2 .4 .2 , in  
t h i s  in s ta n c e  th e  fused  segment i s  sometimes s t i l l  d i s t i n c t ,  
e sp e c ia l ly  when viewed from above. The degree to  which t h i s  
ha lf-segm en t can be seen  depends g re a t ly  on th e  s t a t e  o f p re ­
s e rv a tio n . Thus Hartman (19^7) reco g n ised  n ine  se tig e ro u s  seg­
ments b u t l a t e r  in  1961 she d esc rib ed  an a se to u s  peristom ium . 
These d isc re p a n c ie s  emphasise th e  im portance o f r e a l i s in g  th e  
u n d erly in g  anatomy when comparing sam ples. The f a c t  th a t  bo th  
C a p i te l la  and C a p i te l l id e s  have t h i s  fu s io n  o f segments dem­
o n s tra te s  t h e i r  s im i la r i ty  and a ttem p ts  to  se p a ra te  them by 
th e  degree to  which th e  jo in  i s  v i s ib le  a re  unfounded.
The s e ta e  p re s e n t on th e  th o rax  and t h e i r  arrangem ent ( i . e .  
th e  th o ra c ic  s e t a l  form ula) a re  a lso  im portan t in  determ ining 
a genus and they  form th e  b a s is  o f s p e c if ic  d i f f e r e n t ia t io n  
in  C a p i te l l a . The extreme v a r i a b i l i t y  o f t h i s  fe a tu re  in  t h i s  
genus has been em phasised lth roughout. That d iffe re n c e s  occur 
has been known fo r  many y e a r s .  Thus C laparede ( l 868) s ta te s :
" S i  j* i n s i s t e  s i  longuement su r  ces d e t a i l s , c 'e s t  q u 'i l s  
p rouvent amplement qu 'on  ne s a u r a i t ,  chez l e s  C a p i te l le s ,  
é t a b l i r  de d if fé re n c e s  sp é c if iq u e s  basées comme chez le s
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S erp u lacés  su r l e  numéro des segments ou l e  changement de so ie s  
à  l i e u ."
I n  th e  p o p u la tio n s  s tu d ie d  in  d e t a i l  here  segment seven 
has shown se v e ra l  s e t a l  p a t te rn s  which a re  a p p a ren tly  no t s ig ­
n i f i c a n t  tax o nom ically . N ev erth e le ss  most o f th e  sp ec ie s  and 
sub sp ec ies  a re  sep a ra te d  p r in c ip a l ly  by th e i r  s e t a l  form ula 
and d e sp ite  v a r ia t io n s  w ith in  p o p u la tio n s  those  between them 
can be much g r e a te r .  F ig .  23 shows th e  lo c a l i t y  o f many pop­
u la t io n s  o f C .c a p i t a ta  and su b sp e c ie s . The Jan u ary  and J u ly  a i r  
0°C and 21 °C iso therm s a re  a lso  g iv en . I t  i s  o f in t e r e s t  to  
n o te  th a t  in  th e  c o ld e r re g io n s  o f th e  h igh  la t i tu d e s  th e  number 
o f  c a p il la ry -b e a r in g  segments i s  la r g e .  G rav ie r* s C .perarm ata  
has c a p i l l a r i e s  on segments e ig h t and n ine  and Wu (1964) r e f e r s  
to  p o p u la tio n s  w ith  t h i s  form ula from n o rth e rn  E urope. U n fo rt­
u n a te ly  i t  has been im possib le  to  t r a c e  h is  re fe re n c e s  bu t 
th e se  ap p a ren tly  r e f e r  to  p o p u la tio n s  on th e  R u ssian  c o a s t­
l i n e .  T h is  su g g es ts  th a t  th e  co ld e r tem pera tu res may have an 
e f f e c t  on th e  s e t a l  form ula and th a t  Wu's specimens a re  prob­
ab ly  synonymous w ith .G .p e ra rm a ta . The most w idely d is t r ib u te d  
form ulae, w ith  seven c a p il la ry -b e a r in g  segments or s ix  and one 
mixed a re  found in  th e  co ld e r tem perate re g io n s , c en tre in g  on 
w estern  Europe, Jap an  and South  Am erica. The worms w ith  more 
unusual s e t a l  form ulae a re  a l l  found in  warm tem perate , alm ost 
t r o p i c a l  c o n d itio n s , m ainly around C e n tra l Am erica. Thus C; 
c a p i ta ta  o v in c o la ; Coc a p i ta ta  t r i p a r t i t a ; and C a p i te l la  
'v i l lo s e *  a re  a l l  found in  th e  same g en era l l o c a l i t y  o f f  
C a l i f o r n ia .  C .c a p ita t a  f lo r id a n a  i s  found in  th e  warm G ulf
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o f M exico. I n  Europe, C .h e rm aphrod ita , w ith  th e  same form ula 
as  C .c a p i ta ta  f lo r id a n a , occurs in  s l ig h t ly  co o le r co n d itio n s  
th an  th e  l a t t e r  s p e c ie s . I n  th e  sou thern  hem isphere D ay 's  pop­
u la t io n  o f C ,c a p i ta ta  ( 19^1) occurs in  s im ila r  c o n d itio n s  to  
th e  C a l ifo rn ia n  p o p u la tio n s . The worms from th e  W esterschelde 
e s tu a ry  a re  in  c o o le r  c o n d itio n s  where, according  to  t h i s  
h y p o th e s is , one would expect to  f in d  worms w ith  th e  f u l l  com­
plem ent o f c a p i l l a r i e s .  However, as th e  m a jo rity  o f th e  worms 
in  th e  sample d id  show t h i s  form ula, w ith  the  v a r ia t io n s  occ­
u r r in g  in  only  very  sm all numbers, t h i s  p re se n ts  no problem .
At th e  moment th e  th eo ry  th a t  tem perature  may a f f e c t  th e  
d i s t r ib u t io n  o f s e ta e  cannot be s u b s ta n tia te d  b u t i t  should 
be p o s s ib le  to  check t h i s  by r a i s in g  worms from d i f f e r e n t  
known p o p u la tio n s  under c o n tro lle d  co n d itio n s  o f tem p era tu re . 
As d iscu ssed  above, changes in  s e t a l  s t ru c tu re  a re  known to  
occur due to  environm ental change, so th a t  a  s im ila r  e f f e c t  
on th e i r  d i s t r ib u t io n  i s  no t unexpected.
U n ti l  r e c e n tly  i t  has been accep ted  th a t  th e  genus Cap- 
i t e l l a  i s  gonochoric w ith  th e  males reco g n ised  by th e i r  cop- 
u la to ry  a p p a ra tu s . Worms w ithou t g e n i ta l  hooks a re  assumed 
to  be fem ale. Even where o v a rie s  a re  c le a r ly  v i s ib le  th e  
p resence  o f sperm -developing c e l l s  cannot be o v e rru led . I n  
most cases  th e re  i s  probab ly  no problem as  worms w ith  g e n i ta l  
hooks a re  n o t found w ith  o v a r ie s . However, t h i s  i s  by no 
means always th e  c a se . The occurrence o f worms changing sex
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from fem ale to  male has been reco rded  from W h its tab le , England 
and from Nova S c o t ia ,  Canada and th e re  i s  no reaso n  why i t  may 
no t a lso  occur e lsew here . These changes tak e  p lacé  only in  a  
sm all p ro p o r tio n  o f in d iv id u a ls  o f p o p u la tio n s  which a re  o th e r­
w ise norm al. G ra ss le  and G ra ss le  (19?4) found changes in  th e  
re v e rse  d i r e c t io n  in  some worms from M assachuse tts , U .S.A . I t  
i s  n o t u n t i l  0 .herm apbrod ita  i s  s tu d ie d  th a t  a  com pletely 
herm aphrod itic  p o p u la tio n  i s  found. The v a r ie ty  in  s e t a l  
form ula su g g ests  th a t  change from female to  male may ag a in  be 
o c c u rr in g . A l l  th e  ovigerous worms have s ig n s  o f sperm p ro ­
d u c tio n  and showed v a rio u s  s e t a l  ty p es  on segments e ig h t and 
n in e . On th e  o th e r hand, where o v a rie s  were ab sen t th e re  were 
always g e n i ta l  hooks on segments e ig h t and n ine  in d ic a tin g  
normal m ales. Coc a p i ta ta  f lo r id a n a  has th e  same th o ra c ic  s e t a l  
form ula as C .herm aphrodite  b u t Hartman ( 1959b) g iv es  no ind­
ic a t io n  o f any th ing  unusual w ith  re g a rd  to  th e  sex o f th e se  
specim ens. Once i t  i s  r e a l i s e d  th a t  C a p i te l la  shows v a r ia t io n s  
in  i t s  re p ro d u c tiv e  b io lo g y , C a p i te l l id e s  becomes much c lo s e r .  
I n  t h i s  genus th e  sexes a re  b e lie v ed  to  be se p a ra te  b u t bo th  
male and fem ale have g e n i ta l  hooks. The number and arrangem ent 
o f  th e se  i s  d i f f e r e n t  from C .c a p i ta ta  b u t P e t t ib o n e 's  specimens 
from A laska may be a  l in k  between th e  two.
B acc i ( 1965) has s tu d ie d  th e  de te rm in a tio n  o f sex in  g re a t 
d e t a i l .  The W h its tab le  p o p u la tio n  o f C .c a p i ta ta  f i t s  in  h is  
ca teg o ry  o f unbalanced herm aphroditism  where se v e ra l phenotypes 
may occur w ith  extreme v a r i a b i l i t y .  T h is  i s  s im ila r  to  th e
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s i tu a t io n  in  O phryotrocha p u e r i l i s  b u t in  t h i s  case  th e  changes 
a re  p ro ta n d r ic  r a th e r  than  protogynous. Some o f th e  v a r ia t io n  
i s  known to  be phenotypic being induced by environm ental f a c to r s .  
Thus M liller ( 1962) showed th a t  male 0 . p u e r i l i s  w i l l  no t a l t e r  
in to  fem ales i f  they  do no t have s u f f ic ie n t  food. S im ila r ly  th e  
s tim u lu s  o f a  fem ale worm must a lso  be p ro v id ed . B acci shows 
th a t  th e  sex  d e te rm in a tio n  in  t h i s  sp ec ie s  i s  no t e n t i r e ly  en­
v ironm ental though, and b e lie v e s  th a t  th e  sp ec ie s  i s  po lygam etic , 
so th a t  many ty p es  o f sex -dete rm in ing  gametes may be produced 
from ^the herm aphrod ites.
G ra ss le  and G ra ss le  (197^) emphasised th e  g e n e tic a l  f le x ­
i b i l i t y  o f C a p i te l l a  and in d ic a te  why t h i s  i s  o f such im portance 
in  an o p p o r tu n is tic  s p e c ie s . The se v e ra l v a r ia t io n s  found in  
d i f f e r e n t  p o p u la tio n s  a re  j u s t  one a sp ec t o f t h i s  p l a s t i c i t y .
D iscu ssio n  o f each o f th e  c r i t e r i a  used in  th e  sy stem atics  
o f C a p i te l l a  dem onstrates th e  in h e re n t v a r i a b i l i t y  shown in  a l l  
fe a tu re s  o f t h i s  genus. N ev erth e le ss  by look ing  a t  s e v e ra l f e a - ' 
tu r e s  to g e th e r  i t  i s  p o s s ib le  to  draw c e r ta in  conclusions about 
th e  in te r r e la t io n s h ip s  o f th e  p o p u la tio n s  desc rib ed  above. These 
a re  summarised below.
C a p i te l l a  c a p i ta ta  c a p i ta ta  (F a b r ic iu s  1780) .
A cosm opolitan sp ec ie s  showing e q u a to r ia l  submergence (Ekman
1953).
H a b ita t -  sand or mud, o fte n  in  co n d itio n s  o f low oxygen. 
Common in  e s tu a r ie s  and o th e r a re a s  o f low s a l i n i t y .
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T horacic  s e t a l  form ula - 1 - 7 C 8 - 9 G / H o r 1 - 6 C ? M 8 - 9 G / H  
T h is  sp ec ie s  i s  based on th e  constancy o f th e  th o ra c ic  s e ta l  
form ula w ith  th e  mixed bundles on segment seven g e n e ra lly  occ­
u r r in g  on sm alle r worms. Sexes a re  u su a lly  s e p a ra te , b u t w ith  
a  p ro p o r tio n  o f herm aphrod itic  in d iv id u a ls  in  some p o p u la tio n s .
C a p i te l la  o v in co la  '.Hartman ,19^7 ' •
C a l i f o r n ia ,  U.S.A.
, H a b ita t -  squ id  egg masses (L oligo  o pa lescens) .
T horacic  s e t a l  form ula -  very  v a r ia b le  b u t w ith  2 - 4  mixed 
segm ents. The fang o f th e  hooded hook i s  very long  and p o in te d .
The sp ec ie s  i s  j u s t i f i e d  on th e  above f e a tu r e s .  I t s  occ­
u rren ce  in  s e v e ra l  egg masses over a  long p e rio d  in  tim e in ­
d ic a te s  th a t  th e  p o p u la tio n  i s  no t ju s t  th e  o ffsp r in g  o f a 
s in g le  fem ale (a lth o u g h  i t  may have o r ig in a te d  in  t h i s  way).
H artm an 's  view th a t  i t  i s  m erely a subspec ies  o f C oc a p i ta ta  
( 1959a) may be c o rre c t b u t i t  would be necessary  to  c u ltu re  th e  
worms under la b o ra to ry  co n d itio n s  to  t e s t  t h i s .
C a p i te l l a  c a p i ta ta  f lo r id a n a  ' H artm an 1^959’«
F lo r id a .
H a b ita t -  squ id  egg m asses.
TJioracic s e t a l  form ula - 1 - A C 5 - 7 H 8 - 9 G  
T h is  p o p u la tio n  may no t even c o n s t i tu te  a  su b sp ec ie s . W hils t 
i t  i s  t ru e  th a t  th e  th o ra c ic  s e t a l  form ula i s  d i f f e r e n t  and con­
s ta n t  th e re  a re  no o th e r d if fe re n c e s  and th e  p o p u la tio n  i s  sm all 
and cou ld  w e ll re p re se n t th e  o ffsp r in g  o f a  s in g le  female C o cap-
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i t a t a  in  which th e  phenotypic ex p ress io n  o f s e t a l  types i s  mod­
i f i e d  by th e  environm ent. The e x p lo ita t io n  o f squ id  egg masses 
as a source o f food and a  s i t e  fo r  rep ro d u c tio n  i s  to  be expected 
in  an o p p o r tu n is tic  specieso
C a p i te l l a  c a p i ta ta  o c u la ta  Hartman^196l = C.c a p i t a ta  c a p i t a ta . 
C a l i fo rn ia ,  U.S.A.
Habitatv'.- sand and mud, p o ss ib ly  under co n d itio n s  o f re d ­
uced s a l i n i t y .
T horacic  s e t a l  form ula - 1 - 7 C 8 - 9 G / H .
T h is  su b sp ec ies  does n o t d i f f e r  from th e  type in  any s ig ­
n i f i c a n t  fe a tu re  except fo r  th e  p resence  o f eyes in  a  la rg e  
number o f th e  a d u l ts .
C a p i te l l a  t r i p a r t i t a  ,Hartm an^198l•as C .c a p i ta ta  t r i p a r t i t a . 
C a l i fo rn ia ,  U.S.A.
H a b ita t -  sand and mud, p o ss ib ly  under co n d itio n s  o f re d ­
uced s a l i n i t y .
■ T horacic  s e t a l  form ula - 1  -  4 - 7 M 8 - 9 G / H .
T h is  sp ec ie s  i s  based on i t s  th o ra c ic  s e t a l  form ula. T h is 
form ula could  be r e la te d  to  tem p era tu re , e sp e c ia lly  as  th e  fo r ­
mula i s  no t c o n s ta n t, b u t t h i s  sp ec ie s  was found in  th e  same 
g en e ra l a re a  as C .c a p i ta ta  o c u la ta  above, which showed no re d ­
u c tio n  in  c a p i l l a r i e s .  W ithout la b o ra to ry  exam ination o f l i v ­
ing  m a te r ia l  one cannot be com pletely c e r ta in  o f t h i s  conclusion  
however.
C a p i te l la  c a p i ta ta  a n ta r c t ic a  (Monro^1930 = C .c a p i ta ta  c a p i t a ta .
S outh  G eorg ia .
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H a b ita t -  in  k e lp  h o ld fa s ts .
T horacic  s e t a l  form ula - 1 - 7 C 8 - 9 G / H  
T h is  subspec ies  does no t d i f f e r  in  any s ig n i f ic a n t  way from 
C .c a p i ta ta  c a p i ta ta  and th e  in c reased  development o f th e  cop- 
u la to ry  ap p ara tu s  i s  a  d if fe re n c e  in  degree on ly .
C a p i te l l a  c a p i ta ta  jap o n ica  ‘ K itam o ri^1980 = C ,c a p i ta ta  c a p i t a ta . 
J  apan
H a b ita t -  b lack  mud.
T horacic  s e t a l  form ula - 1 - ? C 8 - 9 G / H .
Again th e re  a re  no s ig n i f ic a n t  d if fe re n c e s  between t h i s  and 
th e  ty p e . The o r ig in a l  d e sc r ip tio n  i s  somewhat confusing  bu t 
th e  th o ra c ic  s e t a l  form iila i s  th a t  o f C .c a p i ta ta  c a p i t a ta .
C a p i te l l a  c a p i ta ta  europaea Wu ^1984. = C .c a p i ta ta  c a p i t a ta . 
W estern Europe and th e  M editerranean  S ea .
H a b ita t n o t s ta t e d ,  b u t reduced s a l i n i t y  in  some a re a s . 
T horacic  s e t a l  form ula - 1 - 6C 7M 8 - 9G / H o r 1 - 6C 7M
8 -  9G /CH
These p o p u la tio n s  do n o t c o n s t i tu te  a  su b sp ec ie s . The p re ­
sence o f mixed bundles o f s e ta e  on segment seven has been shown 
to  occur commonly in  C .c a p i ta ta  c a p i t a ta . The c a p i l l a r i e s  in  th e  
neuropodia o f segments e ig h t and n in e  in  some specimens suggests  
C .p erarm ata . U n fo rtu n a te ly  th e  au th o r does no t lo c a te  t h i s  pop­
u la t io n  b u t he r e f e r s  to  se v e ra l R u ssian  au th o rs  so p o ss ib ly  
th e se  worfms a re  found in  th e  co ld e r p a r t s  o f n o rth e rn  Europe 
and may in  f a c t  correspond to  C .perarm ata .
C ze rn ia v sk y 's  s p e c ie s , as  d iscu ssed  above, cannot be con-
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s id e re d  as  th e  samples a re  very  sm all and appear to  be des­
c r ip t io n s  o f young worms. S im ila r ly  h is  subspec ies  a l l  r e f e r  
to  p o p u la tio n s  o f C .c a p i ta ta  c a p i t a ta .
C a p i te l l a  perarm ata  G rav ie r 1911 .
South  G eorgia and South  A u s t r a l ia .
H a b ita t n o t s ta t e d .
T horacic  s e t a l  form ula -  1 -  ?C 8 -  9G /CH w ith  c a p i l l a r i e s  
in  th e  neuropodia o f e ig h t and n in e .
T h is  sp ec ie s  i s  reco g n ised  by th e  presence  o f c a p i l l a r i e s  
in  th e  e ig h th  segment and sometimes th e  n in th .  Samples from 
th e  A rc tic  were very  la rg e  worms b u t th e  A u s tra lia n  ones were 
o f more normal d im ensions. As fo r  th e  warm tem perate sp ec ie s  
w ith  reduced  numbers o f c a p i l l a r i e s ,  th e  in c re a se  in  numbers 
in  t h i s  in s ta n ce  could  be r e la te d  to  tem p era tu re . However,
C .c a p i ta ta  c a p i ta ta  has a lso  been found in  th e  same lo c a l i ty ,  
w ith  a  th o ra c ic  s e t a l  form ula o f 1 - 7 S 8 - 9 G - / H .
C a p i te l l a  a b e rra n ta  Hartman and Fauchald  1971 •
N orth  A t la n t ic .
H a b ita t  n o t s ta t e d ,  b u t from ab y ssa l d ep th s.
T horacic  s e t a l  form ula -  1 -  5C 6 -  9 m odified s e ta e  (n o to - 
podia) 1 -  5C 6 -  9H ( neu ro p o d ia ).
T h is  sp ec ie s  i s  m ain tained  because o f th e  presence  o f th e  
m odified  s e ta e  on segments s ix  to  n ine  which a re  unique amongst 
c a p i t e l l i d s .
C a p i te l l a  herm aphrod ita -(B o le tzky and Dohle 196?).
South  o f F ran c e .
H a b ita t -  L o ligo  v u lg a r is  egg m asses.
T horacic  s e t a l  form ula - 1 - 4 Ü 5 - 7 H 8 - 9 G / H .
T h is  sp ec ie s  i s  d is tin g u ish e d  by th e  constancy o f i t s  
th o ra c ic  s e t a l  form ula, which i s  l ik e  th a t  o f C .c a p i ta ta  f l o r ­
idana . However, in  t h i s  in s ta n ce  th e  worm i s  h e rm ap h ro d itic . 
A lthough only 25 specimens were o b ta ined  they  were found in  
s e v e ra l  egg m asses. The la c k  o f any s in g le -s e x  in d iv id u a ls  
i s  p o s s ib ly  r e l a t e d  to  th e  sm all s iz e  o f th e  p o p u la tio n . I f  
t h i s  in c re a se s  and becomes e s ta b lis h e d  th e  balance o f herm­
aph ro d itism  may a l t e r .
C a p i te l l a  d izo n a ta  (Johnson 19^1) = C .c a p i ta ta  c a p i t a ta .
Puget Sound, U.S.A.
T h is  sp ec ie s  i s  n o t accep tab le  because o f th e  la c k  o f 
s u f f i c i e n t  in fo rm atio n  to  w arran t a  new sp e c ie s . The spe­
cimen described , was p robab ly  an immature C .c a p i t a ta .
C a p i te l l a  'v i l l o s e '  (Hartman 1 9 ô l) .
C a l i f o r n ia ,  U.S.A.
H a b ita t no t g iv en .
T horacic  s e t a l  form ula -  1 -  5G 6M 7 -  9H o r 1 - 6C 7 -  9H. 
The m a te r ia l  in  t h i s  sample shows a very  in te r e s t in g  s e t a l  
form ula which might be in d ic a t iv e  o f a  new s p e c ie s . However, 
as  no a d u lt  m ales were found in  t h i s  sample th e  form ula may 
r e f l e c t  th e  im m aturity  o f th e  worms. Because o f t h i s ,  i t  i s
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n o t p o s s ib le  to  p la ce  t h i s  sample w ith  any accuracy and i t  
must be assumed to  be a p o p u la tio n  o f C .c a p i t a ta .
C a p i te l l id e s  M esnil = C a p i te l la  B la in v i l l e .
C a p i te l l id e s  i s  considered  to  be congeneric w ith  C a p i te l la  
because th e  p resence  o f  a cop u la to ry  app ara tu s  in  th e  female 
i s  n o t considered  s u f f ic ie n t  to  w arran t g en eric  re c o g n itio n .
The o r ig in a l  type  sp ec ie s  was C .g ia r d i  (M esnil) which has 
a  th o ra c ic  s e t a l  form ula o f 1 - 6 C 7 M 8 - 9 G / H  w ith  c a p i l l ­
a r ie s  o c c a s io n a lly  p re s e n t in  segment seven . The copu lato ry  
a p p ara tu s  i s  made up o f fo u r g e n i ta l  hooks on ly , w ith  t in y  
rep lacem ent ones sometimes v i s ib le  a t  th e  base o f th e se .
The h a b i ta t  i s  commonly k e lp  h o ld fa s ts .
C a p i te l l a  'C  'p u n c ta te ' Hartman i s  a  sample o f C .g ia r d i .
The specimens were la r g e r  th an  u su a l and th e  seven th  segment 
c o n s is te n t ly  had c a p i l l a r i e s  bu t t h i s  i s  n o t considered  s ig ­
n i f i c a n t .  The co p u la to ry  ap p ara tu s  c o n s is te d  o f one or two 
w ith  o c c a s io n a lly  th re e  p a i r s  o f g e n i ta l  hooks on segment 
e ig h t and one p a i r  on segment n in e .
C .jo n e s i  was d esc rib ed  by Hartman ( 1959b) and i s  d i s t i n ­
gu ished  by i t s  th o ra c ic  s e t a l  form ula o f 1 -  ^3 4 - 7K 8 - 9G/ H,  
I n  a d d itio n  th e  co p u la to ry  ap p ara tu s  i s  b e t te r  developed w ith  
th re e  to  fo u r p a i r s  o f g e n i ta l  hooks p e r segment.
C .te r e s  (T readw ell 1 9 5 9 ) 'i s  ap p aren tly  C« g ia r d i . • T h is
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sp e c ie s  was e re c te d  fo r  a  s in g le  specimen which had a  no to p o d ia l 
form ula o f 1 -  8C 9^. T h is  p robably  re p re se n ts  an in d iv id u a l 
in  which th e  g e n i ta l  hooks a re  n o t y e t f u l ly  developed d e sp ite  
i t s  sexua l m a tu rity , a  c o n d itio n  a lso  found in  C .c a p i t a ta .
M esnil (l8 9 ? ) h im se lf observed se v e ra l in d iv id u a ls  w ith  
abnormal arrangem ents on th e se  segm ents.
As d iscu ssed  above th e  g e n e tic  f l e x i b i l i t y  o f C a p i te l la  
makes i t  very  d i f f i c u l t  to  ev a lu a te  any given  c h a r a c te r i s t ic  
taxonom ically , e sp e c ia l ly  when d ec is io n s  must be based on p re ­
serv ed  m a te r ia l .  L abo ra to ry  experim ents may show th a t  th e  
sp e c ie s  o u tlin e d  above a re  no t re p ro d u c tiv e ly  is o la te d  and 
th e re fo re  n o t s p e c i f ic a l ly  s e p a ra te . However, one must reach  
a compromise in  t h i s  m a tte r . I t  i s  im possib le to  check th e  r e ­
p ro d u c tiv e  p o te n t ia l  o f a l l  th e  sam ples, y e t i t  i s  no t f e a s ib le  
to  p la c e  a l l  o f them in  th e  same s p e c if ic  category  in  th e  abe- 
sence o f t h i s  in fo rm a tio n . One must b ear in  mind th a t  taxonomic ' 
c l a s s i f i c a t io n s  have a  g re a t p r a c t i c a l  use fo r  e c o lo g is ts  and 
o th e r  b io lo g is t s  as  w e ll as forming an im portan t p a r t  in  our 
u nd ers tan d in g  o f e v o lu tio n . I n  view o f t h i s  i t  seems b e t te r  
to  s e p a ra te  th e  p o p u la tio n s  as above. S u b sp ec if ic  d i f f e r e n t ia t io n  
should  be avoided where p o s s ib le  s in ce  every p o p u la tio n  w il l  
show i t s  own id io s y n c ra s ie s  and i s  p o te n t ia l ly  a  su b sp ec ies .
The genus C a p i te l la  i s  c lo se ly  r e la te d  to  B ra n c h io c a p ite lla  
F auvel and P u l l i e l l a  Fauvel w ith  which, i t  sh ares  i t s  fu s io n  of 
th e  anatom ical f i r s t  segment w ith  th e  prostomium. B ranchiocap-
i t e l l a  i s  known by one sp e c ie s , B o s in g u la r is  Fauvel (1932) 
from I n d ia .  I t  i s  d is tin g u ish e d  from C a p i te l la  by th e  presence  
o f b ra n c h iae . T h is  may seem in s u f f ic ie n t  to  m erit gen eric  
c o n s id e ra tio n  b u t i t  i s  in  f a c t  a  major d if f e re n c e . W hilst 
many c a p i t e l l i d  genera  have b ran ch iae  to  in c re ase  th e  su rfa ce  
a re a  fo r  r e s p ir a to r y  p u rp o ses, such fe a tu re s  a re  com pletely 
ab sen t from C a p i te l la  which' i r r i g a t e s  i t s  tube to  in c re ase  th e  
flow  o f oxygen. I n  a d d itio n  i t s  haemoglobin i s  adapted  fo r  
c o n d itio n s  o f low oxygen and g i l l s  would be sup erflu o u s i f  n o t 
dangerous. B .a b ra n c h ia ta  Hartmann-Bchr6der ( 1962) i s  alm ost 
c e r ta i j i ly  a  sp ec ie s  o f C a p i te l la  as i t  la ck s  b ran ch iae . I t  has 
n o t been p o s s ib le  to  examine any specimens b u t th e  type des­
c r ip t io n  i s  c lo se  to  th a t  o f C.c a p i t a t a .
P u l l i e l l a , which i s  known from one sp ec ie s  P .a rm ata  Fauvel 
( 1929) from th e  G u lf o f Manaar and New C aledonia , i s  d i f f e r e n t  
from C a p i te l la  in  i t s  absence o f a  copu la to ry  a p p a ra tu s . W hilst 
a  co n sid e rab le  v a r ia t io n  in  t h i s  fe a tu re  i s  shown in  C a p i te l la  
i t s  complete absence would seem to  p rev en t co p u la tio n  so th a t  
th e  in te r n a l  f e r t i l i s a t i o n  so ty p ic a l  o f C a p i te l la  cannot oc­
c u r . A t b e s t  a  form o f psejidocopulation  l ik e  th a t  o f Noto- 
m astus may be p o s s ib le .  '
Of th e  genera w ith  an a se to u s  peristom ium  C a p i te l la  i s  • 
most c lo se ly  r e la te d  to  C apitom astus. T h is  has te n  th o ra c ic  . 
segments w ith  g e n i ta l  hooks on th e  l a s t  two a s  in  C a p i te l l a . 
B oth sexes have th e se  hooks. H auenschild  (1954) s tu d ie d  a 
h erm aphrod itic  p o p u la tio n  from Rhodes and found th a t  th e  worms
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were s e l f - f e r t i l i s i n g .  I n  some in s ta n c e s  male c h a r a c te r i s t ic s  
developed f i r s t  showing p ro ta n d ry . H auenschild  k ep t h is  worms 
in d iv id u a lly  and th u s  under very  abnormal c o n d itio n s , and i t  i s  
p o s s ib le  th a t  t h i s  a f fe c te d  th e  degree o f exp ression  o f th e  
herm aphroditism . N e v e rth e le ss , i t  i s  ev id en t th a t  th e  tre n d s  
shown in  C a p i te l l a  a re  n o t r e s t r i c t e d  to  t h i s  genus.
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3 . ECOLOGICAL STUDIES OF SOME BRITISH POPULATIONS OF CAPITELLA
CAPITATA.
3.1 In tro d u c tio n .
The p r in c ip a l  s i t e  o f s tudy  was Warren P o in t ,  n ear Plym outh, 
Devon, b u t com parative s tu d ie s  were made on p o p u la tio n s  a t  
W h its ta b le , Kent and E h o sn e ig r, A nglesey. D e ta i ls  o f th e  c o l l ­
e c tin g  s i t e s  a re  g iven  in  F ig s .  24 -  26 .
Warren P o in t i s  a  sm all s p i t  extending in to  th e  Yealm e s tu a ry . 
I t  i s  s i tu a te d  on th e  in s id e  o f th e  bend o f th e  r iv e r  course so 
th a t  d e p o s itio n  o ccu rs . The r iv e r  drops a  l o t  o f sedim ent from 
i t s  lo a d  b u t in  a d d itio n  la rg e  item s o f d e b ris  c a r r ie d  down th e  
r i v e r  from th e  nearby v i l la g e s  and w aste rp a te ria l from th e  yach­
t in g  concerns a t  Newton F e r r e r s  a re  d ep o sited . Warren P o in t i s  
th e  l a s t  b a r r i e r  a g a in s t  th e  sea  and west o f t h i s  th e  r iv e r  
flow s on a f a i r l y  s t r a ig h t  co u rse . As a  consequence la rg e  quan­
t i t i e s  o f storm  d e b r is , m ainly lam in a rian s  and o th e r seaweeds, 
a re  thrown on to  th e  p o in t form ing a r id g e  o f r o t t in g  v e g e ta tio n  
which p ro v id es  s h e l t e r  to  th e  sand f l a t s  beh ind . The s u b s tra te  
a t  Warren P o in t i s  b a s ic a l ly  muddy sand (se e  s e c tio n  3-3-1-1) 
b u t a  co n sid e rab le  adm ixture o f th e  d ep o sited  m a te r ia l a lso  
occurs g iv in g  th e  sedim ents a  very  heterogeneous n a tu re .
The sam pling s i t e  was s e le c te d  as th a t  o f fe r in g  th e  h ig h e s t 
d e n s ity  o f worms a c c e s s ib le  each month a t  low t i d e .  As desc rib ed  
below ( s e c t io n  3 . 2 . 1) marking th e  p re c is e  sam pling s i t e  p re sen ted  
problem s.
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I^G-, 24. S i t e  o f  c o l le c t io n  a t  W arren P o in t ,  n ea r Plym outh, Devon,
a .  G en era l l o c a l i t y  o f  c o l le c t in g  a r e a .
Warren
Pofnf
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X c o l le c t in g  s i t e
b .  D e ta i le d  sk e tc h  map o f  W arren P o in t
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m seaweed r id g e
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FIG. Z’Jm S i t e  o f  c o l le c t io n  a t  W h its ta b le , Kent.
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C o nd itions a t  W h its tab le , Kent have been desc rib ed  in  de­
t a i l  by Newell (193^)« C a p i te l la  c a p i ta ta  was only found in  a 
sm all a re a  to  th e  e a s t  o f th e  harbour (F ig . 23 ). The sampling 
s i t e  was on th e  uppermost reach es  o f th e  f l a t s  a g a in s t th e  s id e  
o f a groyne, which presum ably o f f e r s  some p ro te c t io n  a g a in s t wind.
As a t  Warren P o in t th e  s h e lte re d  s i t e  accum ulated a la rg e  quan­
t i t y  o f s tra n d  l i n e  d e b r is ,  m ainly seaweeds.
E hosneigr (F ig . 26) i s  a sandy beach w ith  co n sid e rab le  f re s h  
w ater ru n - o f f .  C « c a p ita ta  was sampled from under s to n es  and 
banks o f seaweed along th e  edge o f a  d rainage channel.
The s i t e s  were chosen because they  p re sen ted  a range o f con­
d i t io n s .  The p o p u la tio n  a t  Warren P o in t i s  la rg e  and w ell e s t ­
a b lish e d  whereas th a t  a t  W h its tab le  i s  very  .sm all and u n s ta b le .
The worms a t  E hosne ig r were in  c lean -lo o k in g  sand compared w ith  
th e  h ig h ly  o rgan ic  appearance o f th e  s u b s tra te  a t  Warren P o in t .
There i s  no in fo rm ation  a v a ila b le  on th e  ecology o f C .c a p i ta ta  
and y e t  i t s  r e la t io n s h ip  to  p o llu te d  co n d itio n s  has been d iscu ssed  
e n d le s s ly  ( e .g .  E e ish  1972). E e c en tly  th e re  has been evidence 
to  suggest th a t  th e  c o r r e la t io n  i s  no t sim ple (E agle and Eees 1973) 
and i t  seemed e s s e n t ia l  to  g a in  an understand ing  o f th e  ecology 
o f th e  sp ec ie s  in  r e l a t i v e ly  u n p o llu ted  environm ents b e fo re  draw­
ing  co nclusions about i t s  occurrence under p o llu te d  c o n d itio n s .
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FIG. 26 . S i t e  o f  c o l le c t io n  a t  E h o sn e ig r, A nglesey.
coarse
0 .2 5  kmsand
HWm
)( c o l le c t in g  s i t e  
^ock ou tcrops
133
3 .2  M a te ria ls  and M ethods.
3^2,1 Q u a n tita tiv e  sam pling o f worms.
Q u a n tita t iv e  sam pling o f th e  Warren P o in t p o p u la tio n  was 
c a r r ie d  out a t  monthly in te r v a ls  fo r  j u s t  over a y e a r . The 
o th e r p o p u la tio n s  were no t sampled in  t h i s  way.
On each v i s i t  two o r th re e  core samples were taken  from the  
same g e n e ra l s i t e .  C o nd itions on th e  p o in t a l te r e d  g re a t ly  from 
month to  month, e s p e c ia l ly  during  th e  w in te r , when whole banks 
o f  sand were swept up ta k in g  th e  worms w ith  them. Because o f 
t h i s  s h i f t in g  i t  was no t p o s s ib le  to  lo c a te  p re c is e ly  a sampling 
s i t e  and i t  was n ecessa ry  to  f i x  p o s i t io n s  by using  la rg e  item s 
o f ru b b ish , m ainly from b o a ts , as m arkers. The shore  i s  covered 
w ith  d e b r is ,  la rg e ly  dus to  th e  ex ten s iv e  y ach tin g  in te r e s t s  in  
th e  e s tu a ry , and la rg e  p ie c e s  o f canvas e tc .  would a c t  as b a r r ie r s  
a g a in s t  th e  wind and waves to  some e x te n t . By n o tin g  th e  tre n d s  
o f s h i f t in g  each month, and by observ ing  th e  p o s i t io n s  o f th e se  
m akesh ift m arkers, i t  was p o s s ib le  to  p in p o in t th e  sampling a re a . 
T h is  was very  im portan t a s  th e re  was some evidence o f sep a ra te  
p o p u la tio n s  o ccu rrin g  h e re . F o r example, th e  worms on th e  extreme 
t i p  o f th e  p o in t ,  which was exposed only a t  very  low t id e s ,  were 
very  much la r g e r  th an  th o se  from th e  sam pling a re a  and seemed to  
be is o la te d  from th e  main group. O bviously , w ith  a  p lan k to n ic  
la r v a ,  t h i s  s e p a ra tio n  w i l l  no t be perm anent, b u t sam pling must 
be r e s t r i c t e d  to  a  p a r t i c u la r  group o f anim als in  o rd er to  en­
su re  a  s im ila r  p a s t  h is to ry  fo r  each sam ple.
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Core sam pling was s e le c te d  as th e  most a ccu ra te  method o f 
q u a n tify in g  th e  worms. A c i r c u la r  cover o f d iam eter 8 .3  cm 
was used , ta k in g  an a re a  o f 34 cm in  each sam ple, t h i s  s iz e  
being  chosen as  th a t  co n ta in in g  th e  most s u i ta b le  number o f an­
im als fo r  s tu d y . The core sam pler took sand down to  a  depth o f 
23 cm. A fte r  sam pling each core was emptied in to  a  j a r  o f 3 % 
n e u tr a l is e d  fo rm alin  w ith in  two hours o f c o l le c t in g .  No a ttem pt 
was made to  keep th e  co res in ta c t  as th e  r e la t io n s h ip  o f th e se  
worms to  depth  was shown to  vary  c o n tin u a lly  due to  th e  s h i f t in g  
s u b s tr a te  ( s e e  s e c tio n  3 «3 «2.1  ) .
The n a tu re  o f th e  s u b s tr a te  a t  t h i s  s i t e  had an o th er im portant 
e f f e c t  on t h i s  method o f sam pling. To use th e  word 's a n d ' to  des­
c r ib e  i t  i s  r e a l l y  a  misnomer. In  f a c t  th e  b a s ic  muddy sand was 
mixed w ith  an enormous q u a n tity  o f d e b ris  bo th  o f n a tu ra l  ( r o t ­
t in g  v e g e ta tio n , l a r g e r  s to n es) and human o r ig in  (broken b o t t l e s  
and t i n s ,  o ld  socks, canvas e t c . ) .  Thus some cores con tained  
l i t t l e  sand and were n e a r ly  a l l  seaweed and r o t t in g  t e r r e s t r i a l  
v e g e ta tio n . By ta k in g  more than  one core  i t  was hoped to  min­
im ise th e  e f f e c t  o f  th e  g re a t  h e te ro g en e ity  on th e  e s tim ate  o f 
th e  p o p u la tio n .
The sp ec ie s  has a  very  pa tchy  d is t r ib u t io n  (se e  s e c tio n  
3 *3 *2 . 2) , and i t  was e s s e n t ia l  to  ensure th a t  th e  samples were 
tak en  from a re g io n  o f h igh  d e n s ity . B efore ta k in g  c o re s , th e re ­
fo re , th e  s u b s tr a te  was examined fo r  th e  presence  o f C.c a p i t a t a . 
N e v e rth e le ss  a  core  would sometimes y ie ld  very  few worms, in  
which case th e  sample was d isco u n ted .
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Core samples were a lso  taken  to  in v e s t ig a te  th e  m icrod is­
t r i b u t io n  o f th e  s p e c ie s . V e r t ic a l  d is t r ib u t io n  was s tu d ie d  
by keeping th e  co res in ta c t  and f ix in g  them in  te n  s e c tio n s  each 
co n ta in in g  th re e  cm o f s u b s t r a te .  A la rg e r  number o f co res  were 
tak en  fo r  h o r iz o n ta l  m ic ro d is tr ib u tio n  s tu d ie s  as exp lained  in  
s e c tio n  3 .3 .2 .2 .
3 .2 .2  P lan k to n  sam ples.
Sam pling fo r  l a r v a l  C.c a p i t a t a  was c a r r ie d  out a t  monthly 
in te r v a ls  a t  Warren P o in t .  P lank ton  sweeps were made o f f  th e  
end o f th e  p o in t a t  low t i d e ,  u s in g  a n e t o f 7 .5  cm diam eter 
and a  mesh s iz e  o f 0.035 mm. In  a d d itio n  a la rg e  ho le  (approx . 
0 .23  X 20 cm deep) was dug in  th e  immediate v ic in i ty  o f th e  
sam pling a re a  and sweeps made w ith  th e  p lank ton  n e t through 
th e  w ater c o l le c t in g  in  th e  h o le .
The samples c o lle c te d  in  t h i s  way were examined fo r  th e  
p resence  o f la rv a e  under a  low power b in o c u la r  microscope 
w ith in  two hours o f  c o l le c t io n .
3 .2 .3  L abora to ry  trea tm en t o f sam ples.
The co res were so r te d  in  th e  la b o ra to ry  by s ie v in g . A 
s ta c k  o f  s ie v e s  w ith  pore  s iz e s  o f  1 .0  mm, 0.230 mm and 0 .062  mm 
was s e t  up and th e  s u b s tr a te  washed through th e  w idest mesh s iev e  
u s in g  ta p  w a te r . Worms were e a s i ly  sep a ra te d  from th e  rem­
a in in g  m a te r ia l  in  th e  top  s ie v e , t h e i r  p ink  c o lo ra tio n  and 
la rg e  s iz e  making them c le a r ly  v i s ib l e .  T h is  procedure  could 
no t be used fo r  th e  f in e r  m e sh e s ,s in c e .th e  sm a lle r , c o lo u rle ss
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worms were hidden  by sand and mud p a r t i c l e s .  A t f i r s t  a l l  o f 
th e  sand in  th e  s ie v e s  was examined under a  low power b inoc­
u la r  m icroscope and the.worms removed. T h is  was very  tim e-con­
suming however and i t  was n ecessa ry  to  dev ise  a  more s a t i s f a c to r y  
method. F lo ta t io n  tech n iq u es  in v o lv in g  th e  use o f hy p erto n ic  
s o lu t io n s  such a s  th o se  proposed by Anderson (1939) and Lackney 
and May (1971) were no t used  because sh rinkage can occur under 
th e se  c o n d itio n s  and th e  s iz e  r e la t io n s h ip s  o f th e  anim als a re  
very  im portan t in  t h i s  in s ta n c e . Sm all q u a n t i t ie s  o f th e  s ie v -  
in g s  were p laced  in  a  g la s s  co n ta in e r and sw irled  around w ith  
ta p  w a te r . By t h i s  method th e  l i g h t e r ,  o rgan ic  m a te r ia l ,  in c ­
lu d in g  th e  worms, was f lo a te d  ou t from th e  sed im ent. The worms 
were sep a ra te d  from th e  rem aining m a te r ia l by sy stem atic  exam­
in a tio n  .under th e  m icroscope. O r ig in a lly ,  mud p a ss in g  through 
th e  f in e s t  s iev e  and c o l le c t in g  in  th e  t r a y  was examined fo r  th e  
very  young s ta g e s  o f th e  worm b u t i t  was soon d iscovered  th a t  
th e se  were a l l  r e ta in e d  by th e  s ie v e s  and th e  p rocedure was 
d isco n tin u ed .
A f te r  s o r t in g  th e  worms were examined in d iv id u a lly  under the  
m icroscope and th e  fo llow ing  d a ta  o b ta in ed  : -
3*2.3-1 S iz e  o f worms.
Most o f th e  worms were incom plete and i t  was necessa ry  to  
dev ise  a  s u i ta b le  method fo r  e s tim a tin g  th e  s iz e  and th u s  th e  
age o f th e  worms. Weighing was no t p o s s ib le  because o f th e  
frag m en ta tio n  and le n g th  o f worms was s im ila r ly  a f f e c te d .
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E v en tu a lly  i t  was decided to  measure th e  th o ra c ic  le n g th  o f 
th e  worm. T h is  was done u sing  m illim e tre  graph paper a tta ch e d  
to  a  p e t r i  d ish  on th e  s tag e  o f th e  m icroscope. The s t a t e  o f 
c o n tra c tio n  o f th e  worm a t  th e  tim e o f f ix a t io n  a f fe c te d  th i s  
le n g th  and where very  t ig h t ly  c o n tra c te d  worms were encountered 
g e n tle  p re s su re  was ap p lie d  to  s t r e tc h  th e  th o rax  to  more normal 
d im ensions. Measurements o f th e  w idth o f th e  th o rax  were aban­
doned as  d if fe re n c e s  between worms were very sm all.
3 -2 .3 -2  The sexua l co n d itio n  o f th e  worms.
A ll  o f th e  ' a d u l t ' worms were examined fo r  th e i r  sexual con­
d i t io n .  The re c o g n itio n  o f an a d u lt  worm was based on a number 
o f f a c to r s  in v e s t ig a te d  in  many sampleso F o r example i t  was soon 
found th a t  worms w ith  a th o ra c ic  le n g th  o f l e s s  th an  4 mm did  no t 
u s u a lly  show s ig n s  o f gamete p ro d u c tio n  and s im ila r ly  worms w ith  
l e s s  than  s ix  c a p il la ry -b e a r in g  segments were immature. As a 
r e s u l t  a l l  worms lo n g er th an  4 mm in  th e  th o rax  or w ith  s ix  capr-. 
i l la r y - b e a r in g  segments were examined.
Female worms were cu t open m id -v en tra lly  in  th e  abdomen and 
th e  gu t w a ll examined fo r  th e  p resence o f o v a r ie s . Where p re sen t 
th e se  were removed and examined under a  h igh  power m icroscope 
and an a ttem p t made to  measure th e  d iam eter o f th e  oocytes using  
a  m icrom eter eyep iece . T h is  was o fte n  very d i f f i c u l t  when th e  
oocytes were sm all and c lo se ly  a s so c ia te d  bu t u n fo r tu n a te ly  
G o o d rich 's  s o lu t io n , a s  used by Gibbs ( 1968) d id  no t succeed in  
se p a ra tin g  them. I n  la rg e r  gonads th e  oocytes could  be p u lle d  
a p a r t  by te a s in g  w ith  an entom ological p in .  I n  some in s ta n ce s
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eggs were f r e e  in  th e  coelom. A sample of coelomic f lu id  was 
taken  and th e  d iam eter o f th e se  eggs was measured se p a ra te ly  
from th o se  s t i l l  a tta c h e d  in  th e  ovary . Twenty to  f i f t y  
oocytes were measured fo r  each worm and p laced  in  s iz e  c la s se s  
o f 7 /un. Where th e  oocytes were no t com pletely round, as was 
o f te n  th e  case , th e  w idth  o f th e  c e l l  a c ro ss  th e  s id e  th a t  p re ­
sen ted  i t s e l f  to  th e  m icrom eter s c a le  was m easured. Oocytes 
sm alle r th an  28 / m  in  d iam eter could  no t be reco g n ised .
The number o f  oocytes p e r ovary , and hence p er worm, was 
e s tim ated  in  two ways. I n t a c t  gonads were removed and te a se d  
a p a r t  so th a t  th e  numbers could be counted d i r e c t ly .  F o r sm aller 
gonads t h i s  method could  n o t be used and th e  oocytes were counted 
in  s e r i a l  s e c tio n s  o f th e  o v a rie s  p repared  in  s i t u . Worms were 
removed from th e  core p r io r  to  th e  a d d itio n  o f fo rm alin  and kep t in  
c lea n  sea  w ater fo r  24 hours to  remove sand g ra in s  from th e  g u t. 
They were th en  f ix e d  in  B o u in 's  f ix a t iv e  and embedded in  p a ra f f in  
wax. '^ um se c tio n s  were cu t and s ta in e d  e i th e r  w ith  haem atoxylin 
(E h r l ic h 's )  and eo sin  o r in  M a llo ry 's  t r i p l e  s t a i n .  The methods 
a re  d esc rib ed  in  G urr (1936).
3 -2 .4  Measurement o f e x te rn a l f a c to r s .
3 .2 .4 .1  E s tim a tio n  o f p a r t i c l e  s iz e .
D esp ite  th e  obvious advantages o f dev isin g  a u n if ie d  te ch ­
n ique fo r  grade a n a ly s is  t h i s  has s t i l l  no t been ach ieved . T h is 
i s  p a r t ly  because th e  method used must vary  according  to  th e  
n a tu re  o f th e  in v e s t ig a tio n '.  The p r in c ip a l  d isc rep an c ies  l i e  
in  th e  p re tre a tm en t o f th e  sam ples. The techn iques as  o r ig in a l ly
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d esc rib ed  (se e  Krumbein and P e t t i jo h n  1938) were designed fo r  
g e o lo g ic a l in v e s t ig a t io n s  o f s o i l s  and re q u ire  th e  sedim ent to  
be broken up in to  i t s  c o n s ti tu e n t  p a r t s .  The b ind ing  p ro p e r t ie s  
o f o rgan ic  and carbonaceous elem ents in  th e  s o i l  a re  th e re fo re  
d estroyed  by v a rio u s  methods o f p re tre a tm e n t. F o r th e  marine 
e c o lo g is t  however th e  crumb s tru c tu re  o f th e  sedim ent i s  v i t a l l y  
im p o rtan t, s in ce  th e  fauna w i l l  be p h y s ic a lly  a f fe c te d  by t h i s  
r a th e r  th an  by th e  c o n s t i tu t io n  o f th e  in d iv id u a l a g g reg a te s . 
Morgans (1936) d isc u sse s  t h i s  in  d e ta i l  and em phasises th e  imp­
o rtan ce  o f m a in ta in in g  th e  sample in  i t s  n a tu ra l  c o n d itio n s . 
U n fo rtu n a te ly  h is  p ro p o sa ls  a re  s t i l l  no t com pletely fo llow ed.
F o r example, Holme and M*^Intyre ( l9 ? l )  d esc rib e  a  method fo r  
s o r t in g  sedim ents u sin g  d r ie d  sam ples. The hard  agg reg ates  formed 
by t h i s  p re tre a tm en t must be broken up m echanically  b e fo re  s ie v ­
ing  can commence. The f in e  s t ru c tu re  o f th e  sedim ent i s  thus 
l o s t .  I n  a d d it io n , th ey  suggest th e  removal o f o rgan ic  m atte r 
w ith  hydrogen p e ro x id e . A lthough th e  p resence  o f o rgan ic  m a te r ia l 
can be a  co m plica tion , i t  i s  n e v e r th e le s s  p a r t  o f th e  s u b s tra te  
in h a b ite d  by th e  fauna and cannot be d isca rd e d . The method used 
in  t h i s  s tudy  i s  one based on th a t  desc rib ed  by Morgans (1936).
Samples were tak en  from a l l  th re e  c o l le c t in g  s i t e s  and 
from a d jac e n t a re a s  where C.c a p i t a ta  was a b se n t. The v a r ia t io n s  
in  p a r t i c l e  s iz e  d is t r ib u t io n  w ith  depth were in v e s t ig a te d  by 
ta k in g  a  core sample and se p a ra tin g  d i f f e r e n t  s e c tio n s  according  
to  dep th . ;
A sm all core was used ta k in g  about 60g (lOO cm^) o f sedim ent.
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T his  was found to  be th e  l a r g e s t  q u a n tity  th a t  could be e f f i c ­
ie n t ly  s o r te d . Upon a r r iv a l  a t  th e  la b o ra to ry  (u su a lly  w ith in  
two hours o f sam pling) th e  sample was w et-sieved  through a 
0 .0 6 2  mm s ie v e , u s in g  sea  w ater to  wash i t  th rough . T h is  i s  
necessa ry  because some o f th e  l a t e r  s tag e s  o f s o r t in g  can a f f e c t  
th e  coherence o f p a r t i c l e s  so th a t  conglom eration o f th e  f in e r  
muds o ccu rs , p rev en tin g  them from p assin g  through th e  s ie v e s . 
B oth subsamples were th en  thoroughly  washed w ith  d i s t i l l e d  w ater 
to  remove th e  s a l t .  I f  t h i s  i s  no t done co n sid e rab le  e r ro rs  can 
occur during  w eighing. I n  a d d itio n  to  th e  s a l t  i t s e l f  i t s  hygro­
scop ic  q u a l i t i e s  add to  th e  w eigh t. I t  adheres to  th e  g ra in s  o f 
sedim ent during  dry ing  and in  th e  f in e  s u b s t r a te s ,  which p re se n t 
a  la r g e r  su rfa ce  a re a , th e  a d d it io n a l  weight can be co n sid e rab le . 
The subsamples were th en  d r ie d  to  a  co n stan t w eight a t  1 0 3 .  
T h is  took  approxim ately  24 h o u rs . The tem perature  i s  im portant 
s in ce  some o f th e  o rgan ic  m a tte r i s  o x id ised  i f  th e  h ea t i s  too 
g r e a t .  The subsamples were th en  allow ed to  cool in  a  d e s ic c a to r  
and th e  subsieve  sample th en  weighed. The o th e r subsample was 
p laced  in  th e  top  o f a  s ta c k  o f  s ie v e s  o f decreasing  s iz e  in  
th e  Wentworth s c a le  (2  mm, 1 mm, 0 .3  mm, 0 .23 mm, 0.123 mm,
0 .0 6 2  mm) (Wentworth 1922) and shaken fo r  one hour u sing  an 
E ndeco tts  s iev e  shaker model no. EEL 2. The sediment rem aining 
in  each s iev e  was d r ie d  to  co n stan t w eight a t  103°C, cooled in  
a  d e s ic c a to r  and weighed.
The r e s u l t s  were expressed  g ra p h ic a lly  by p lo t t in g  th e  
cum ulative p e rcen tage  w eight a g a in s t  p a r t i c l e  s iz e  in  term s o f
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P h i ( (|) ) u n i ts  (K rum bein-1939» Morgans I 936) .  The median p a r t i c l e  
d iam eter was c a lc u la te d  and th e  e f f ic ie n c y  o f s o r tin g  in  th e  sed­
iment g iven  in  term s o f P h i q u a r t i le  d e v ia tio n s  and th e  P h i quar- 
t i l e  skew ness. The re lev an ce  o f th e se  s t a t i s t i c s  i s  d iscu ssed  
below ( s e c t io n  D e ta i l s  o f th e  c a lc u la tio n s  involved
a re  g iven  in  Holme and M cIntyre (1971)- Inman (1932) c r i t i c i s e s  
t h i s  method o f m athem atical a n a ly s is  because i t  only d ea ls  w ith  
30 % o f th e  sam ple. However h is  p rocedure re q u ire s  a  more c a re ­
f u l  s o r t in g  o f th e  samples e s p e c ia lly  in  th e  subsieve reg io n  
where e r ro r s  can be very  g r e a t .
U sing t h i s  method o f s ie v in g , th e  s t a t i s t i c s  can only be c a l­
c u la te d  where th e  subsieve  sample does n o t make up more than  
23 ^  o f th e  t o t a l  w eight o f th e  sam ple. Where th i s  i s  n o t th e  
case s e p a ra tio n  o f subsieve  p a r t i c l e s  must be c a r r ie d  out using  
é lu t r i a t i o n  or a  comparable method. F o r tu n a te ly  th i s  was no t 
n ecessa ry  in  th e  p re s e n t in v e s t ig a t io n .
3 * 2 .4 .2  O rganic co n ten t o f s u b s tr a te .
A n a ly sis  o f s u b s tr a te  samples fo r  o rganic  co n ten t were c a r r ie d  
out .to determ ine th e  food a v a ila b le  fo r  C.c a p i t a t a . Samples o f 
about 100 g; were ta k en . Im m ediately on a r r iv a l  a t  th e  la b o ra to ry  
a l l  la rg e  organism s were removed from th e  sample and i t  was w et- 
s iev ed  th rough a O.O62 mm s ie v e  to  sep a ra te  th e  f in e r  p a r t i c l e s .  
Both subsam ples were th en  thoroughly  washed w ith  d i s t i l l e d  w ater 
and d r ie d  a t  103^0. T h is  p ro ce ss  ensures th a t  th e  m icro-organ­
isms p re se n t a re  k i l l e d  and cannot th e re fo re  reproduce causing 
any in c re a se  in  the o rgan ic  c o n te n t. Longbottom (1970) showed
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th a t  th e  o rgan ic  co n ten t o f th e  faeces  o f A ren ico la  m arina in c ­
re a se d  s ig n i f ic a n t ly  i f  k ep t in  sea  w ater fo r  only tw elve h o u rs . 
A f te r  d ry in g ,th e  la rg e  s iz e d  sample was so r te d  in to  la rg e ,  med­
ium and f in e  p a r t i c l e  c la s s e s ,  which were s to re d  in  a d e s ic c a to r  
u n t i l  re q u ire d  fo r  a n a ly s is ,  when a  subsample from each s iz e  c la s s  
was ta k en .
S e v e ra l methods o f o rgan ic  a n a ly s is  a re  a v a i la b le .  Loss o f 
w eight on ig n i t io n  was commonly used in  e a r ly  work and has th e  
advantage o f be ing  very  s im p le . B u t, as  P i r r i e  e t  a l .  (1932) 
and Beanland (1940) re c o g n ise d , th e re  a re  c e r ta in  problems 
invo lved  in  t h i s  method, th e  most obvious being  th e  e f f e c t  o f 
c a rb o n a te s . However, even i f  th e se  a re  removed, th e  c o l lo id a l  
w ater cannot be compensated f o r .  Lynn and Yang ( 1960) were 
unab le  to  ach ieve  c o n stan t r e s u l t s  u sing  t h i s  method and in  view 
o f the extreme h e te ro g e n e ity  o f th e  s u b s t r a te s ,  e s p e c ia l ly  a t  
W arren P o in t ,  t h i s  method was r e je c te d .  In s te a d  an in d ir e c t  
method o f determ in ing  o rgan ic  co n ten t was u sed . T rask  (1939) 
p o in te d  out th a t  th e  p re c is e  r e la t io n s h ip s  between th e  main d em en ts  
in  o rgan ic  m a tte r enable one to  e s tim ate  th e  o rgan ic  co n ten t o f a  
sample by m easuring a s in g le  elem ent such as  n itro g e n  or carbon. 
S e v e ra l methods a re  a v a i la b le .  T rask  (1939) d e sc rib e s  a method 
fo r  determ in ing  carbon as carbon d iox ide  b u t t h i s  i s  very  len g ­
th y . The n itro g e n  co n ten t has been used as a  measure o f organ ic  
co n ten t (Sverdrup e t  a l .  1942, Longbottom 1970) and can be 
r e a d i ly  determ ined . But th e  p resence  o f n itro g e n  in  organ ic  
m a tte r i s  f a i r l y  low and v a r ia b le  so th e  method i s  no t a cc u ra te  
enough to  be used on i t s  own. Hughes (19&9) d e sc rib e s  a  method
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fo r  determ in ing  th e  c a lo r ic  value o f marine -sediments. This 
i s  p a r t i c u la r ly  u se fu l in  s tu d ie s  o f e co lo g ica l e n e rg e tic s  bu t a  
c o r re c t io n  f a c to r ,  de riv ed  from th e  K je ld ah l n itro g en  c o n ten t, 
must be ap p lie d  to  compensate fo r  th e  incom plete o x id a tio n  o f 
p r o te in s .  I t  was decided th a t  th e  most s u i ta b le  scheme fo r  
th e  p re se n t in v e s t ig a t io n  was th e  wet o x id a tio n  method fo r  e s t ­
im ating  carbon c o n te n t. V arious ro u tin e s  have been d esc rib ed  
w ith  one based on th a t  o f W alkley and B lack (1934) as d esc rib ed  
by Holme and M cIntyre ( l9 7 l)  being  used h e re .
The accuracy  o f t h i s  method i s  a f fe c te d  by se v e ra l f a c to r s .  
Maximum recovery  i s  ach ieved  by c a re fu l ly  balancing  th e  concent­
r a t io n  o f a c id  used w ith  th e  tem p era tu re . S ch o llen b erg er ( 1927) 
b o ile d  th e  re a g e n ts  under f lu x , b u t, as W alkley (1947) showed, 
t h i s  causes decom position o f th e  a c id . W alkley recommended 
th a t  a  r a t i o  o f two p a r ts  su lp h u ric  a c id  to  one p a r t  aqueous 
s o lu t io n  be used w ith  no a d d it io n a l  h ea t beyond th e  h e a t o f  
r e a c t io n .  However, d ig e s t io n  i s  very  slow a t  th e se  tem peratu res 
and i t  seems b e t t e r  to  s a c r i f i c e  some e f f ic ie n c y  fo r  a sav ing  
o f tim e .
S e v e ra l su bstances in te r f e r e  w ith  th e  p ro cess  and can g ive 
r i s e  to  m islead ing  r e s u l t s  u n le ss  taken  in to  accoun t. C h lo rine  
must be removed s in ce  i t  i s  known to  form chromyl ch lo rid e  
under th e  c o n d itio n s  o f th e  t i t r a t i o n ,( Wake e l  and R ile y  1937)* 
R in sin g  w ith  d i s t i l l e d  w ater h e lp s  by removing some o f th e  ^ I t  
and any rem aining i s  p re c ip i ta te d  as  s i lv e r  ch lo rid e  by th e  
a d d itio n  o f s i l v e r  su lp h a te  to  th e  re a c t io n  v e s s e l .  Lynn and
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Yang ( i 960) had d i f f i c u l ty  d is so lv in g  th e  reag en t and a p p lie d  a  ' ‘ 
c o rre c tio n  fa c to r  fo r  c h lo r in e  in s te a d . No problem was encountered 
in  t h i s  in s ta n c e .
Reducing ag en ts  a re  more d i f f i c u l t  to  deal w ith , th e  most tro u -, 
blesome being th e  fe rro u s  io n . W alkley (194?) and Wakeel and 
R ile y  (1957) concluded th a t  th e  e f f e c t s  were minimal b u t Southward
( 1952) p o in te d  out th a t  in  very  b lu e  mud th e  fe rro u s  su lph ide  
co n ten t may have a  co n sid e rab le  e f f e c t .  S lin n  (1956) g ives a 
method fo r  q u a n tify in g  fe rro u s  ions bu t t h i s  was considered  
unnecessary  in  th e  p re se n t in v e s t ig a t io n .  Manganese io n s , which 
a re  im portan t f a c to r s  in  s o i l s ,  a re  b e lie v ed  to  be of. minimal 
e f f e c t  in  m arine sedim ents (W alkley 194?)» C arbonates a re  s ta b ­
i l i s e d  by th e  a d d itio n  o f phosphoric  a c id .
The major problem in  t h i s  method l i e s  in  th e  p resence  o f 
e lem en ta l carbon and carbon in  th e  form o f c o a l. There i s  no 
way o f compensating fo r  th e se  in  t h i s  a n a ly s is ,  and u n r e a l i s t -  
i c a l l y  h igh  v a lu es  o f carbon co n ten t can occu r. However, th e  method 
i s  im perfec t in  any event a s  th e re  i s  no way o f knowing what 
p ro p o r tio n  o f th e  o rgan ic  carbon co n ten t i s  a v a ila b le  as  food.
The p resence  o f coal in  th e  samples a t  Warren P o in t was th e re ­
fo re  no t a problem in  i t s e l f .  To e stim ate  th e  amount o f a ss im ila b le  
carbon p re se n t fu r th e r  t e s t s  were c a r r ie d  o u t.
F i r s t l y  th e  s iz e  o f p a r t i c l e s  in g e s ted  by th e  worm was 
s tu d ie d . C.c a p i t a ta  feeds by e v e r tin g  i t s  p ro b o sc is  in to  th e
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sedim ent and ta k in g  in  p a r t i c l e s  engulfed  by i t .  Exam ination of 
th e  gu t co n ten ts  o f many specimens showed th a t  p a r t i c l e s  la rg e r  
th an  0 .1  mm in  d iam eter were no t taken  in  and i t  was assum ed .that 
th e  la r g e r  m a te r ia l  i s  s e le c t iv e ly  r e je c te d  by th e  worm. Because 
o f t h i s  only p a r t i c l e s  sm alle r th an  0 .125  mm ( th e  n e a re s t  s iev e  
s iz e )  were used fo r  o rgan ic  a n a ly s is .
Secondly i t  i s  c le a r  th a t  much o f th e  o rgan ic  m a te r ia l in  
th e  subsample w i l l  be locked  up in  a  form which cannot be a t t ­
acked by th e  worm. To determ ine th e  percen tag e  o f a ss im ila b le  
organic carbon in  th e  s u b s tr a te  each sample was d iv ided  in to  two 
h a lv e s . The f i r s t  o f th e se  was t r e a te d  fo r  t o t a l  o rgan ic  co n ten t 
a s  above and th e  second subdiv ided  in to  th re e  sam ples, two o f 
which were incu b ated  a t  55°C fo r  fou r days under sea  w ater con­
ta in in g  t r y p s in ,  oL am ylase, in v e r ta se  and l ip a s e .  These enzymes 
had been shown to  occur in  th e  gu t o f C .c a p i ta ta  (se e  s e c tio n  
4 .1 .2 .2 ) .  The th i r d  subsample was incubated  in  sea  w ater only 
a s  a c o n tro l (George 1964a).
A ttem pts to  c o l le c t  faeces  and determ ine th e i r  co n ten t were 
no t c a r r ie d  out because p e l l e t s  would have to  be c o lle c te d  over 
a  long p e rio d  o f tim e , th u s  a f f e c t in g  th e  o rgan ic  con ten t 
(Longbottom 1970). The sm all s iz e  o f th e  p e l l e t s  made i t  im­
p ra c t ic a b le  to  c o l le c t  them in d iv id u a lly . Furtherm ore th e  p e l l e t s  
a re  encased in  mucus which would c o n tr ib u te  a  la rg e  p ro p o rtio n  
o f th e  t o t a l  amount o f  o rgan ic  carbon.
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The r e s u l t s  a re  g iven  a s  p e rcen tag es  o f o rgan ic  carbon,
W alkley and B lack  v a lu e . As a  complete recovery  i s  no t achieved  by 
t h i s  method th e se  r e s u l t s  must be m u ltip l ie d  by a  s u i ta b le  f a c to r  
(M organs,1956, su g g ests  I . 3) to  g ive  a  more acc u ra te  v a lu e . Con­
v e rs io n  to  pe rcen tag e  o rgan ic  m a tte r i s  g iven  by m u ltip ly in g  by 
1 .8  a s  su g g ested  by T rask  (19 3 9 ).
3 . 2 . 4 .3  S a l i n i t y .
The s a l i n i t y  o f th e  w ater a t  low t id e  a t  each o f th e  c o l l ­
e c tin g  s i t e s  was determ ined using  a Simac c o n d u c tiv ity  m eter 
model no . 63 ATo The w ater o v erly in g  th e  c o l le c t in g  s i t e  a t
W arren P o in t a t  h ig h  t id e  was a lso  m easured. Samples o f about 
330  cm o f sea  w ater were taken  from th e  sea  and from i n t e r s t i t i a l  
w ater and th e  c h lo r in i ty  a sse ssed  more a c c u ra te ly  by t i t r a t i n g  . 
a g a in s t  s i l v e r  c h lo r id e . C h lo r in i ty  va lu es  were converted  to  
s a l i n i t y  u s in g  th e  form ula ;
S a l in i ty  = O.O3 + ( I .803  x  c h lo r in i ty  ) 
a s  g iven  by Knudsen ( 1902) .
The i n t e r s t i t i a l  w ater samples were taken  by digging a  ho le  
and c o l le c t in g  some o f th e  w ater f i l l i n g  i t .
3 .2 .4 .4  Oxygen c o n te n t.
The oxygen te n s io n  o f th e  i n t e r s t i t i a l  w ater a t  Warren P o in t 
was measured in  connection  w ith  experim ents on th e  r e s p ir a t io n  
o f C .c a p i ta ta  ( s e c t io n  4 .3 ) .  A Y .S .I .  p o r ta b le  oxygen m eter and 
oxygen probe model 34 were u sed . The s u b s tr a te  a t  t h i s  s i t e  i s  
very  lo o se  and u n s ta b le  and measurements were made by p la c in g  th e
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e le c tro d e  a t  a  depth  o f 8 -  10 cm below th e  su rfa ce  in  poo ls  o f 
w ater p e rc o la tin g  in to  sm all h o le s  in  th e  s u b s t r a te .  Readings 
were taken  a f t e r  a  few m inutes to  a llow  th e  sedim ent tim e to  
reco v er from d is to r t io n .
The method can be c r i t i c i s e d  in  th a t  i t  cannot be ensured th a t  
no in te r fe re n c e  occurs in  a c tu a l ly  ta k in g  th e  sam ple, b u t th e  
r e s u l t s  were re p ro d u c ib le  and seemed s a t i s f a c to r y  fo r  th e  p u r­
pose o f ga in in g  an in d ic a t io n  o f th e  pO^ g ra d ie n t a c ro ss  th e  
body w all o f th e  worm. I n  any event th e  h e te ro g en e ity  o f th e  
s u b s tr a te  a t  Warren P o in t  undoubtedly a f f e c t s  th e  oxygen te n s io n  
from p la c e  to  p la c e . The r e la t io n s h ip s  between p a r t i c l e  s iz e  
and oxygen co n ten t a s  d e sc rib ed  by B ra f ie ld  (1964) become very  
complex under th e se  c o n d itio n s  and th e re  seemed l i t t l e  p o in t in  
ta k in g  more p re c is e  m easurem ents.
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3*3 R e s u lts  and d is c u s s io n .
3 . 3 .1  E x te rn a l f a c to r s .
3 . 3 . 1 .1 A n a ly sis  o f p a r t i c l e  s iz e .
Three core samples were taken  from th e  c o l le c t in g  s i t e  a t  
Warren P o in t ,  two from re g io n s  o f h igh  d e n s ity  o f C.c a p i t a ta  and 
th e  th i r d  from a s i t e  where the  sp ec ie s  was a b se n t. The samples 
were taken  a t  th e  depth a t  which C.c a p i t a ta  was found. T h is  v a rie d  
b u t was g e n e ra lly  a t  about 12 cm. The r e la t io n s h ip  o f p a r t i c l e  s iz e  
to  depth was an aly sed  fo r  one sample taken  from Warren P o in t .  The 
r e s u l t s  a re  g iven  in  T able 17. One sample was taken  from R hosneig r. 
Three co res  were an alysed  from th e  sm all sam pling s i t e  a t  W hit- 
s ta b le  and a fo u r th  was tak en  from th e  a d jac e n t sand where th e re  
was no C.c a p i t a t a .
Cum ulative frequency graphs were c o n s tru c te d  fo r  each o f th e se  
samples and th e  fo llow ing  s t a t i s t i c s  c a lc u la te d  fo r  th ese : -
Md 0  T h is  i s  th e  median p a r t i c l e  s iz e .  30 % o f th e  sample has a 
d iam eter l a r g e r  th an  t h i s  va lue  and 30 % sm a lle r . The 0  
v a lue  i s  converted  to  m illim e tre s  by u sing  F ig .  27.
OP 0  T h is  i s  th e  P h i q u a r t i l e d e v ia tio n , a  s t a t i s t i c  d e sc rib in g  
th e  h o r iz o n ta l  sp read  o f th e  d a ta . A low value in d ic a te s  a  
*' ' w e ll s o r te d  sedim ent w ith  th e  m iddle 30 % o f th e  sample 
sp read ing  over a  sm all range o f .p a r t i c l e  s iz e s .
8kqjZf T h is  i s  th e  skew q u a r t i l e .  I t  in d ic a te s  whether th e  curve i s  
s t r a ig h t  o r curved over' th e  median 30 % o f th e  ran g e . A
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TABLE 17» The r e la t io n s h ip  between p a r t i c l e  s iz e  and 
depth a t  Warren P o in t .
Depth o f sample (mm) Md 0  (mm) OP 0 Skq 0
0 - 3 0.243 1.46 - 0 .9 6
6 -  10 0.229 1 .4 l - 0 .963
1 1 - 1 3 0 .220 0 .7 3 - 0 .3 0
16 -  20 0 .230 0 .8 0 - 0 .3 0
21 -  23 0 .2 1 2 0 .3 3 - 0 .123
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n eg a tiv e  value  shows th a t  th e  s o r t in g  in  th e  sedim ent i s  l e s s  
e f f i c i e n t  tow ards th e  la rg e r  p a r t i c l e  s iz e s .
These s t a t i s t i c s  a re  g iven  fo r  each o f th e  samples in  Table 18 . 
R e p re se n ta tiv e  graphs from each o f th e  sampling s i t e s  a re  g iven  
in  F ig s , 28 -  3 0 » The raw d a ta  a re  p re sen ted  in  appendices 1 and 2.
From th e se  r e s u l t s  i t  can be seen th a t  C.c a p i t a ta  i s  u su a lly  
encountered  in  f in e  to  medium sandy s u b s tra te s  a t  a l l  th e se  c o l l ­
e c tin g  s i t e s .  A ll  th e  samples were f a i r l y  w ell so r te d  w ith  th e  
range between th e  f i r s t  and th i r d  q u a r t i le s  seldom exceeding two 
W hitworth c a te g o r ie s .  As might be expected s o r t in g  o f th e  la rg e r  
p a r t i c l e s  i s  g e n e ra lly  l e s s  e f f i c i e n t .
The samples from W h its tab le  a re  rem arkably s im ila r ,  in d ic a tin g  
a  w e ll s o r te d , s ta b le  sedim ent, ^ a n a ly s is  shows th a t  the  sam­
p le s  a re  no t s ig n i f ic a n t ly  d i f f e r e n t  ("|l ^ = 16,238  ; P = 3 0 ^ ) 
in c lu d in g  th a t  which con ta ined  no C ,c a p i t a ta .
The h e te ro g en e ity  a t  W arren P o in t i s  expressed in  th e  da ta  
from th e se  sam ples. A ll  th re e  were taken  from th e  same immediate 
v ic in i ty  b u t a ] l^  t e s t  in d ic a te s  th a t  they  a re  s ig n if ic a n t ly  
d i f f e r e n t  = 53.407 ; P { 0,1 %) o Comparisons o f p a i r s  of
samples show th a t  a  and b ( th e  sample w ith  no C .c a p i t a ta ) could  be 
from th e  same m athem atical p o p u la tio n  (jC ^ = 15*873 5 F )• 0 ,1  %) 
a s  could  b and c ^ = 17.574 ; P y  O0I %) b u t a  and a a re  s ig ­
n i f i c a n t ly  d i f f e r e n t  w ith  ^  ^ = l8 ,6 8 0  and P ^ ( 0 ,1  %, N everthe­
l e s s  th e  s t ru c tu re  o f th e  s u b s tr a te  i s  b road ly  s im ila r  to  th a t  
a t  W h its tab le  w ith  a  s im ila r  Md and QD 0  , The q u a r t i le  skew-
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FIG. 28 A nalysis o f p a r t i c l e  s iz e s  a t  W hitstab le,
100
cum ulative
'frequency
0
41 31 20
H ii (0 )
Md 0  = 2 .1 6  = 0 .228  mm diam eter ( f in e  sand)
= 1 .13  
= 2 .6 5
Therefore  QDjZf = 0 ,7 5  w h ich  i s  a range from 0 ,162  -  0 .460 mm
This i s  a sp read  a c ro ss  two Whitworth c la s se s  ( f in e  sand -  medium sand)
Skq 0  = - 0 .2 6
1^4
FIG. 29 A nalysis o f p a r t i c l e  s iz e s  a t  Warren Point.
100
cum ulative
frequency
50
0
41 0 1 2 3
Phi (0)
Md 0  = 2 .5 4  = 0 .1 7 4  mm diam eter ( f in e  sand)
0  = 1.81 
Qg = 3 .5 6
T herefore  QD 0  = 0.875 which i s  a  q u a r t i le  range from O.O86 -  0.289 mm
This i s  a  sp read  a c ro ss  th re e  Whitworth c la s se s
(very  f in e  sand -  medium sand)
Skq ^  = +0.145
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FIG. 30 A nalysis o f -p a rtic le  s iz e s  a t  Rhosneipy,
100
cum ulative
frequency
H ii (0)
Md 0  = 2 .5 3  = 0 .199  Dim diam eter ( f in e  sand)
0 =  2 .0 7  
0  = 2 .7 3
T herefore QD 0  = 0 .33  which i s  a  q u a r t i le  range from 0.132 -  0 .244 mm 
This i s  w ith in  one Whitworth c la s s  ( f in e  sand)
Skq 0  = +0 .0 5  ' '
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n e ss , however, i s  p o s i t iv e  in  two o f th e  sam ples. T his r e f l e c t s  
th e  i n s t a b i l i t y  o f the  s u b s tra te  a t  t h i s  s i t e ,  a lthough the  Skq 0  
v a lu es  a re  very  low.
The sample from Rhosneigr i s  again  comparable w ith  th a t  from 
W h itstab le  in  i t s  Md 0 ,  bu t th e  low value fo r  QP 0  sug g ests  th a t  
t h i s  sedim ent i s  very  w ell so r te d .
The a n a ly s is  o f p a r t i c l e  s iz e  w ith  depth i s  summarised in  
Table 17. The median p a r t i c l e  s iz e  in c re a s e s  w ith  depth and 
th e  e f f ic ie n c y  o f s o r t in g  in c re a s e s .  Exam ination o f the  q u a r t i le  
skewness d a ta  shows th a t  t h i s  i s  m ainly due to  improved s o r tin g  
o f th e  la r g e r  p a r t i c l e s .
These r e s u l t s  in d ic a te  th a t  C .c a p i ta ta  may show a p re fe ren ce  
fo r  f in e  sandy s u b s t r a te s .  However, the  absence o f the  sp ec ie s  
from samples showing s im ila r  c h a r a c te r i s t i c s  in  th e  p a r t i c l e  
s iz e  an a ly se s  shows th a t  t h i s  i s  no t the  only fa c to r  involved  in
th e  d is t r ib u t io n  o f thé  s p e c ie s .
In  f a c t ,  th e  r e s u l t s  o f p rev io u s  surveys suggest th a t  p a r t i c le  
s iz e  i s  no t a f a c to r  in  th e  d is t r ib u t io n  o f C .c a p i ta ta . P i r r i e
e t  a l .  ( 1952) d iscu ssed  the  s ig n if ic a n c e  o f s o i l  g rades and
r e la te d  C .c a p i ta ta  to  b lack  o r grey  sand. In  1957 Southward 
surveyed d e p o s its  in  th e  I r i s h  Sea and found C .c ap ita ta  in  the  
la r g e s t  s iz e  ca teg o ry , c lean  sand. On th e  o th e r hand, Barnard 
and E eish  (l959 ) found th e  sp ec ie s  in  b lack  mud. F i l i c e  (1958) 
concluded th a t  C .c a p i ta ta  showed no p re fe ren ce  fo r  any grade as
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i t  occu rred  in  sedim ents rang ing  from mud to  sand in  th e  e s t -  
u a r in e  p a r t  o f San F ran c isco  Bay. E l ia s  on ( 1962) again  found 
th e  sp e c ie s  in  muddy sedim ents in  th e  Oresund . and in  th e  
H eathco te  e s tu a ry , New Z ealand , i t  occurred  in  very  f in e  sand 
and some muddier s u b s tr a te s  (E s tc o u r t 1967)- Schu lz  (19&9) 
found i t  in  a  v a r ie ty  o f  sedim ents b u t i t  was most common in  
muddy sand and sandy mud. W o lff 's  in v e s t ig a t io n  o f th e  Dutch 
d e l ta  a rea  (1975) g iv es  a  s im ila r  p a t te r n  to  th a t  in  th e  p re ­
s e n t s tu d y , w ith  th e  sp e c ie s  s&owing a s l ig h t  le an in g  towards 
w e ll s o r te d  f in e  and muddy san d s . R e ish  (1971) induced C .cap­
i t a t a  to  s e t t l e  on wooden b locks in  Los A ngeles ha rb o u r.
Thus, a lthough  i t  i s  sometimes p o s s ib le  to  c o r r e la te  th e  
d i s t r ib u t io n  o f i s o la te d  p o p u la tio n s  o f C.c a p i t a ta  w ith  p a r t ­
i c l e  s iz e ,  th e  r e la t io n s h ip  b reaks down on any la r g e r  s c a le .
I n  any ev en t, c o r r e la t io n  w ith  p a r t i c l e  s iz e  may only r e f l e c t  
an u n d erly in g  a s s o c ia t io n  w ith  some fa c to r  i t s e l f  c o r re la te d  
w ith  p a r t i c l e  s i z e .
5 . 5 .1 .2  O rganic c o n te n t.
Three samples (01 -  03 ) were taken  from th e  c o l le c t in g  s i t e  
a t  Warren P o in t .  A fo u r th  sam ple, co n ta in in g  no C .c a p i t a t a , 
was tak en  from nearby (0 4 ) .  C ores were taken, from W h its tab le  
and R hosneigr fo r  com parison. The r e s u l t s  o f th e se  an a ly ses  
a re  g iven  in  T able  19 ; w ith  th e  raw d a ta  in  appendix 3*
The r e s u l t s  show g re a t  v a r i a t io n . in  t o t a l  o rgan ic  m a tte r , esp­
e c ia l ly  amongst th e  W arren P o in t sam ples. These co res con t­
a in ed  a  very  la rg e  q u a n tity  o f m a te r ia l  which was re ta in e d  by
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th e  l a r g e s t  s iev e  (1 mm) in c lu d in g  much r o t t in g  v e g e ta tio n .
A t t h i s  s ta g e  i t  was thought p o s s ib le  th a t  C.c a p i t a t a  might 
feed  by ra sp in g  m a te r ia l from th e  decaying m a tte r and i t  was 
in c luded  in  th e  a n a ly s is .  Any sedim ent adhering  to  th e  la rg e r  
p ie c e s  o f p la n t  m a te r ia l was washed o f f  p r io r  to  a n a ly s is .
The f ig u re s  fo r  o rgan ic  m a tte r in  th e  sedim ent w ith  a  p a r t i c l e  . 
d iam eter o f l e s s  th an  0 .125  mm a re  more c o n s is te n t  w ith  an 
average value  o f 8 .6  % a t  Warren P o in t .
The r e s u l t s  o f th e  d ig e s t io n  experim ents a re  g iven  in  Table 
20. They show th a t  th e re  was about 1 .5%  o f d ig e s t ib le  organic 
m a tte r  in  th e  f in e r  g rades o f sed im ent. T h is  amounts to  ju s t  
under 20 % o f th e  t o t a l  o rgan ic  co n ten t o f t h i s  f r a c t io n .  T h is 
e s tim a te  o f a s s im ila b le  o rg an ic  m a tte r i s  s t i l l  h ig h . The d ig ­
e s t io n  experim ents were c a r r ie d  out in  id e a l c o n d itio n s  w ith  
p le n ty  o f enzymes and v i r t u a l ly  u n lim ited  tim e . But food passes  
th rough  th e  gu t o f C .c a p i ta ta  in  two days a t  most and i t  i s  
u n lik e ly  th a t  such a h igh  r a te  o f a s s im ila t io n  would be ach ieved . 
George (1964a), working on th e  p o lychae te  C irr ifo rm ia  te n ta c u la ta , 
found 0 .4 4  % d ig e s t ib le  m a te r ia l  in  the  mud by u sin g  enzyme 
d ig e s t io n , b u t only  0 .5 3  % by comparing th e  carbon co n ten t o f 
mud and fa e c e s .
I t  i s  very  d i f f i c u l t  to  compare th e se  r e s u l t s  w ith  those  
o b ta in ed  in  p rev io u s  sam ples. Methods o f a n a ly s is  vary  and, as  ' 
in d ic a te d  by th e se  r e s u l t s ,  p e rcen tag es  o b ta ined  fo r  th e  whole 
s u b s tr a te  can be m is lead in g . N ev erth e le ss  i t  i s  c le a r  th a t  
a l l  th re e  sam pling s i t e s  a re  very  o rg a n ic a lly  r i c h .  A llen  e t  a l .
l6o
N
g
'P
< D
-Pü
CD
■S
CQ
<0
p-p
CQ
1
« HO
§
•H
-P
CQ
CD
•S
o
•oCD•Pü CQ •H CD
1 ■•a 
°^ S
i
CMAAV
»ooV“ 1
ü•Hri1uo uCDCD -P VD CMH -P O ArO (g lA A 1•H a•P V V-CQCDbO•HA
PCD-P-P gcj aS CM A VOT- VO CMü A CM O CMri -H ruo ri V- VO VO A•H 3 •-p bo oCQ ri VCD ObO
CD cq CD-P a riA ü a H<1} *H 3s ^ 00 O V“3 A 00 CM T-bO CM pq A A Ori ro • oa CM CM AO^ y,
riCD-p ^•p ai 00 r- Ari ü A VO Ao *H (M A ■ *4" A•H ri r--P ■ 3 * A A ACQ bO OCD ri V'bO O•H
Cl)PiO o CD«H a ri0 ü g H pq tH 3ri > VO A O3 A T- O AbO CM pq CM V“ Ori 'T' ^o • oa A A A
oS/* !3
CD1—1 HPc Oricrf A -H03 g
üO
161
( 1953) e stim a ted  th a t  o rgan ic  carbon made up 7-39  % o f th e  dry 
w eight o f sedim ent from T ilb u ry , in  th e  Thames e s tu a ry . R eish
( 1937a) found from 2 .0  % to  4 .8  % o rgan ic  carbon in  p o llu te d  p a r ts  
o f th e  Los A ngeles harbour where C.c a p i t a ta  occu rred , although
v a lu es  as h igh  as  10.7 % were a t ta in e d  fo r  a b io t ic  zones near 
to  th e  source o f p o l lu t io n .  On th e  o th e r hand, Longbottom (1970) 
c a lc u la te d  v a lu es  o f .le ss  th an  1 % carbon fo r  sand f l a t s  along 
th e  n o rth  Kent c o as t and r e la te d  th e  amount o f o rgan ic  m atte r 
to  median p a r t i c l e  s iz e .  He concluded th a t  most o f th e  organ ic  
m a te r ia l  was in  th e  form o f m icro-organism s r a th e r  than  d e tr i tu s *  
T h is  does no t appear to  be th e  case in  t h i s  in s ta n c e . A ll  o f 
th e  sedim ents con ta in ed  much organ ic  d e b ris  in  th e  form o f sea­
weed and le a v e s . T h is  i s  la rg e ly  u n av a ilab le  to  C.c a p i t a t a , 
which cannot d ig e s t  c e l lu lo s e  (se e  s e c tio n  4 .1 .2 .2 ) .  The common 
occurrence  o f C.c a p i t a ta  on th e  v e g e ta tio n  i t s e l f ,  r a th e r  than- 
in  th e  sand , su g g ests  th a t  th e  worm iô  feed ing  on th e  m icro­
organism s b reak ing  down th e  le a v e s . I t  i s  hoped th a t  washing 
th e  p la n t  m a te r ia l  a t  th e  s t a r t  o f th e  an a ly ses  tr a n s fe r r e d  t h i s  
m a te r ia l  to  th e  a p p ro p ria te  f r a c t io n  fo r  a n a ly s is .
The h ig h  p ercen tage  o f o rgan ic  m a tte r in  th e  form o f p la n t  
m a te r ia l  e x p la in s  th e  in e f f ic ie n c y  o f d ig e s tio n  by enzymes. I n  
f a c t  th e  t ru e  value  fo r  a v a ila b le  o rgan ic  m a tte r fo r  feed ing  i s  
g iven  by th e se  experim en ts. A ll  th e  o th e r  organic m a te r ia l i s  
locked  up in  a  form which i s  no t a v a ila b le  to  th e  worm.
3 . 3 . 1 .3  S a l in i t y .
The c o l le c t in g  s i t e  a t  Warren P o in t i s  s i tu a te d  about two
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k ilo m e tre s  from th e  sea  and i s  th u s  s u b je c t to  v a r ia t io n s  in  
s a l i n i t y  during  th e  t i d a l  c y c le . The s a l i n i t y  a t  h igh  t id e  
was 32 . 9° /o o  compared w ith  v a lu es  o f T7^/oo and 19 . 2° /o o  a t  
low t i d e .  The i n t e r s t i t i a l  w a ter, sampled a t  low t i d e ,  had 
a  mean s a l i n i t y  o f 27 . 8^^00 -  O.IO^^oo. These r e s u l t s  a re  
comparable w ith  th o se  o f A lexander e t  a l .  (1952) who in v e s t­
ig a te d  changes in  s a l i n i t y  under e s tu a r in e  c o n d itio n s . They 
found an i n t e r s t i t i a l  va lue  o f 28 .4°/oo  when th e  e s tu a r in e  
low t id e  s a l i n i t y  was 12 . 6° /o o  compared w ith  J>0,0^/oo  a t  h igh  
t i d e .  T h is  i s  because, a s  f i r s t  shown by R eid  (1930), th e  
i n t e r s t i t i a l  w ater i s  n o t c lo se ly  connected w ith  th e  su rfa ce  ’ 
w a te r . The in flu en c e  o f th e  su rfa ce  w ater i s  dependent on 
d ep th , and in  th e  f i r s t  few inches th e  s a l i n i t y  may undergo 
c o n sid e rab le  v a r ia t io n .  T h is  may account fo r  th e  com paratively  
low value  reco rd ed  fo r  th e  i n t e r s t i t i a l  w ater a t  Warren P o in t .  
However, th e  e f f e c t  o f su rfa c e  w ater i s  alm ost c e r ta in ly  
minimal a t  th e  depths a t  which C.c a p i t a ta  occurs ( > 8 cm).
George (1964b) found th a t  s a l i n i t y  v a r ia t io n s  were n o t marked 
a t  t h i s  depth in  a  m u d .f la t .  I n  any ev en t, th e  sam pling a rea  
i s  only exposed fo r  about th re e  hours a t  low sp rin g  t id e s  and 
su rfa ce  w ater in f lu e n c e s  a re  l i k e ly  to  be sm all.
A lthough W h its tab le  i s  on th e  Thames e s tu a ry  i t  i s  known 
th a t  th e  s a l i n i t y  i s  f a i r l y  c o n s ta n t, rang ing  sea so n a lly  from 
2 8 .5  to  53«0°/oo (G ibbs I 968 , Longbottom 1970). The measure­
ments mg.de h e re  accord  w e ll w ith  t h i s ,  th e  su rfa ce  w ater 
being  53«6°/oo . R eadings o f th e  i n t e r s t i t i a l  w ater
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were n o t made b u t i t  i s  reaso n ab le  to  expect th a t  th e  s a l ­
in i t y  w i l l  no t d i f f e r  g re a t ly  from th a t  o f th e  ov erly in g  
w a te r .
At R hosneigr th e  o ffsh o re  w ater had a s a l i n i t y  o f 3 2 .9 ? /o o . 
There was a  c o n sid e rab le  f r e s h  w ater ru n -o f f  over th e  shore 
which must e x e r t an in flu en c e  on th e  upper la y e r s  o f sedim ent, 
b u t p robab ly  only  a f f e c t s  the- s a l i n i t y  around C .c a p i ta ta  dur­
ing  p e rio d s  o f long  exposure, i f  th e n .
The r e s u l t s  show th a t  C .c a p i ta ta  to le r a te s  low ered s a l i n i t i e s  
b u t th a t  i t  i s  n o t e x c lu s iv e ly  e s tu a r in e  in  i t s  h a b i ta t .  Var­
y ing  s a l i n i t i e s  do no t seem to  be a  f a c to r .  There a re  many 
re fe re n c e s  to  C .c a p i ta ta  occu rrin g  a t  low s a l i n i t i e s  (se e  
s e c tio n  1 ) down to  0 .4 ° /o o  in  th e  H eathcote e s tu a ry , New
Zealand  (E s tc o u rt 1967) .  I t  occurs in  th e  B a l t ic  (Leppakoski 
1969) b u t may r e f l e c t  a  p o s s ib le  in flu en ce  o f th e  lowered 
s a l i n i t y  in  i t s  sm all s iz e  (Muus 196?)•
One can conclude th a t  s a l i n i t y  i s  not a  prim e fa c to r  in ­
flu en c in g  th e  d is t r ib u t io n  o f t h i s  sp ec ie s  a lthough  i t s  t o l ­
erance o f low ered s a l i n i t y  a llow s i t  to  p e n e tra te  in to  a  
w ider range o f h a b i t a t s .
3 . 3 .1 .4  Oxygen c o n te n t.
Three samples were tak en  g iv in g  a mean value  o f 10 mm Hg 
= 0 .40  ppm 0^  (range  8 -  12 mm H g). The r e la t io n s h ip  o f 
C .c a p i ta ta  to  low oxygen te n s io n s  has been d iscu ssed  in
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g re a t  d e ta i l  with, re s p e c t to  o rgan ic  p o l lu t io n .  R e ish  (1953, 
1937j 1959) found th e  sp ec ie s  a t  5o5 ppm 0 ^ . I n  I 96O R eish  
and B arnard  computed from f i e l d  to x ic i ty  t e s t s  th a t  oxygen 
te n s io n s  o f 3«5 ppm or more were necessa ry  fo r  rep ro d u c tio n  
b u t th a t  th e  sp ec ie s  would con tinue  to  feed  down to  2 .9  ppm. 
Bagge ( 1969a ) found C .c a p i ta ta  in  co n d itio n s  where th e  oxygen 
te n s io n  ranged from O.3  to  13.3 ppm w ith  th e  g r e a te s t  dens­
i t i e s  o ccu rrin g  above 3 ppm.
The in flu en c e  o f low ered oxygen te n s io n s  on th e  d i s t r ib u t io n  
o f t h i s  sp e c ie s  i s  d iscu ssed  in  more d e ta i l  below ( s e c t io n
3. ). .
3 . 3 .2  M ic ro d is tr ib u tio n  o f  C.c a p i t a t a .
3 . 3 . 2 .1 V e r t ic a l  d i s t r ib u t io n .
The r e la t io n s h ip  o f C.c a p i t a t a  to  th e  dep th  o f th e  sub­
s t r a t e  a t  W arren P o in t was in v e s t ig a te d  to  a s c e r ta in  th e  op­
timum depth fo r  sam pling . Cores ta k in g  30 cm o f  s u b s tr a te  
were used and th e se  were cu t in to  s e c tio n s  in  th e  la b o ra to ry  
p r io r  to  th e  q u a n t i ta t iv e  sam pling o f worms. These were d iv id ed  
in to  immature and m ature c a te g o r ie s .  The r e s u l t s  o f  th re e  such 
co res  a re  shown in  T able 21.
The r e s u l t s  show th a t  C .c a p i ta ta  i s  n o t r e s t r i c t e d  to  a  
p a r t i c u la r  depth  b u t th a t  i t  does no t p e n e tra te  below 24 cm.
I t  i s  seldom found in  th e  upper la y e r s  a t  Warren P o in t ,  p re ­
sumably because th e se  a re  so u n s ta b le  and su b je c t to  vary ing  
c o n d itio n s  due to  th e  e f f e c t s  o f exposure a t  low t i d e .  The
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l a r g e s t  number o f worms was found a t  12 to  15 cm in  th e  f i r s t  
co re , 18 to  21 cm in  th e  second and 15 to  l 8 in  th e  t h i r d .  I t  
i s  b e lie v e d  th a t  t h i s  v a r ia t io n  i s  due to  th e  s h i f t in g  o f th e  
s u b s tr a te  p i l in g  up e x tra  la y e r s  o f sand . A s im ila r  s i tu a t io n  
was found a t  W h its ta b le . U su a lly  th e  worms occurred  a t  about 
20 cm b u t on one occasion  they  were beyond a  spade’ s dep th , a t  
l e a s t  55 cm below th e  s u r fa c e . The s u b s tra te  a t  t h i s  depth was 
th e  b lackened sand ty p ic a l  o f t h i s  s i t e .  The su rfa ce  d e p o s its  
were com pletely  d i f f e r e n t ,  however, c o n s is tin g  e x c lu s iv e ly  o f 
g ra n u la r  p a r t i c l e s  ( ) ' 4 mm in  d ia m e te r) . The s i t e  i s  s i tu a te d  
in  f ro n t  o f  a  m arine dredged agg reg ates  and cement works and i t  
i s  though t th a t  unwanted m a te r ia l  from t h i s  i s  dumped on th e  
beach and alm ost c e r ta in ly  accoun ts fo r  t h i s  d e p o sit over th e  
c o l le c t in g  s i t e .  On th e  nex t v i s i t ,  s e v e ra l months l a t e r ,  the  
s u b s tr a te  was sandy and th e  worms were found a t  20 cm a g a in .
R e fe r r in g  ag a in  to  th e  Warren P o in t samples i t  can be seen 
th a t  th e  young worms occur a t  th e  same depths as  th e  a d u l ts .
As a  r e s u l t  o f th e se  in v e s t ig a t io n s  i t  was decided to  
ta k e  co res  from 0 to  25 cm fo r  q u a n t i ta t iv e  e s tim a te s  o f 
C .c a n i ta ta .
5 "5 "2 .2  H o riz o n ta l m ic ro d is tr ib u t io n .
The h o r iz o n ta l  d i s t r ib u t io n  o f  C.c a p i t a ta  was in v e s t ig a te d  
a t  Warren P o in t .  E leven  core  samples were taken  from an a re a  
w here ''the  sp ec ie s  was known to  be common. The co res were taken  
from sq uares in  a  g r id ,  th e  p o s it io n s  being  determ ined u sin g  a
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ta b le  o f random numbers (F ish e r  and Y ates I 965) .  The number o f 
samples and th e  s iz e  o f each core was th e  l a r g e s t  th a t  could be 
e f f i c i e n t ly  s o r te d . The s iz e  o f th e  core i s  very  im portan t 
s in c e  in  an aggregated  p o p u la tio n  too  sm all a  core w i l l  no t 
sample th e  clumps a c c u ra te ly  and a  value in d ic a tin g  a  re g u la r  
d is p e rs io n  w i l l  be o b ta in ed  whereas too  la rg e  a  core  w i l l  in c ­
lu d e  s e v e ra l  clumps so th a t  t h e i r  p resence  i s  m issed.
The number o f worms p e r core was counted and th e  c o e f f ic ie n t
o f d isp e rs io n  as  proposed by Blackman (1942) was c a lc u la te d . The 
( X x) ^ex p ress io n  ^ ----- -------  where n i s  th e  number o f sam ples, app-
X (n  - 1)
rox im ates to  u n ity  when in d iv id u a ls  a re  randomly d isp e rse d .
F o r agg regated  p o p u la tio n s  th e  value  o f th e  c o e f f ic ie n t  i s  
g re a te r  th an  1 whereas a  va lue  below u n ity  in d ic a te s  a  re g u la r  
d isp e rs io n  p a t te r n .  The s ig n if ic a n c e  o f th e  c a lc u la te d  co­
e f f i c i e n t  i s  g iven  by th e  fo rm u la y Ç ^ ~ ~ y 2 which g iv es  th e  am­
ount by which th e  observed value o f th e  c o e f f ic ie n t  must d ep art 
from zero  to  in d ic a te  a  d ep artu re  from randomness.
O ther methods o f d e sc rib in g  d is t r ib u t io n s  e x is t  b u t th e  
c o e f f ic ie n t  o f d isp e rs io n  i s  w ell known, easy to  use and app­
l i c a b le  to  in v e s t ig a t io n s  in to  m arine b en th ic  organism s (Holme 
1950 , C la rk  and M ilne 1955, F ranz  1975)#
Each o f th e  an a ly se s  showed a  s ig n if ic a n t  ag g reg a tio n  (T able 
22) .  A random p o p u la tio n  would be expected to  have a  c o e f f ic ie n t  
o f  d is p e rs io n  o f  1 -  0.469#
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TABLE 22. H o rizo n ta l m ic ro d is tr ib u t io n  o f C .c a p i ta ta  a t
Warren P o in t .
No young worms No a d u lt worms T o ta l no worms
p e r  core p e r core p e r core
16 7 25 ( 01)
26 8 34
l4 5 19
8 4 12
16 . 3 19 ( 02)
1 3 4
7 3 12
0 1 1
24 11 33
0 3 3 (05)
2 3 3
C o e f f ic ie n t  o f 
d isp e rs io n 6.591 1.697 9.259
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These r e s u l t s  have im portan t consequences w ith  reg a rd  to  
sam pling te ch n iq u es , as w ell a s  t h e i r  e c o lo g ic a l in te re s to  
Any e s tim a te s  o f p o p u la tio n  d e n s ity  w i l l  be l e s s  a cc u ra te  th an  
th o se  based  on randomly d isp e rse d  in d iv id u a ls  u n le ss  th e  number 
o f sam ples i s  in c re ase d  beyond p r a c t ic a l  means. S tu d ie s  on 
th e  s t ru c tu re  o f th e  p o p u la tio n  must a lso  be based on e i th e r  
a  la rg e  number o f c o re s , o r on th o se  from p re v io u s ly  s e le c te d  
a re a s  o f h igh  d e n s ity , a s  in  th e  p re se n t c a se . F o r tu n a te ly , 
bo th  a d u lt  and ju v e n ile  worms show an aggregated  p a t te r n ,  a l ­
though t h i s  is . l e s s  marked in  th e  m ature an im als . T h is  means 
th a t  th e se  w i l l  be r e l a t i v e ly  under-sam pled b u t s u f f ic ie n t ly  
la rg e  samples were taken  to  make t h i s  un im portan t.
The rea so n s  fo r  t h i s  ag g reg a tio n  a re  no t exp lained  by th i s  
a n a ly s is .  W hile i t  could  be a  fe a tu re  r e la te d  to  th e  re p ro ­
d u c tiv e  b io logy  o f th e  sp ec ie s  th e  in flu en ce  o f e x te rn a l fa c ­
to r s  cannot be o v e rru led  (Keys 1972). The only elem ents l ik e ly  
to  vary  over such a  sm all a re a  a t  Warren P o in t a re  p a r t i c l e  
s iz e  and organ ic  c o n te n t. The former i s  known to  be o f l i t t l e  
in flu en c e  on th e  d is t r ib u t io n  o f  th e  sp e c ie s , bu t i t  i s  c e r ta in  
th a t  th e  amount o f food p re s e n t w i l l .  The organ ic  co n ten t o f 
th e  s u b s tr a te  from th re e  o f th e  co res was th e re fo re  c a lc u la te d  
(01 -  03  s e c tio n  3 .3 * 1 .2 ) . The number o f worms in  each o f 
th e se  co res  i s  in d ic a te d  in  T able 22. Thus, w hile  th e  number 
o f anim als p re s e n t was very  v a r ia b le  th e  o rgan ic  co n ten t was 
a lm ost c o n sta n t (av erage  va lue  o f 8 .628  -  O.O61) . The clumped 
d is p e rs io n  o f C .c a p i t a t a  i s  most l ik e ly  th e re fo re  a  normal
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fe a tu re  o f i t s  b io lo g y . As i t  i s  a  sp ec ie s  undergoing cop­
u la t io n  i t  i s  re aso n ab le  tOr expect an ag g reg a tio n  o f in d iv id u a ls  
a t  l e a s t  during  b reed in g  p e r io d s . The brooding o f th e  la rv a e , 
in  some cases up to  m etam orphosis, w i l l  a lso  r e s u l t  in  an agg- 
n e g a tio n  o f young worms.
Rosenberg (1972) a lso  found an aggregated  p o p u la tio n  s t ru c ­
tu re  fo r  C .c a p i t a t a , b u t r e l a t e s  t h i s  to  th e  in c re ase d  abundance 
o f th e  sp e c ie s  in  th e  f jo r d  under s tu d y . K osler (1968) apprec­
ia te d  th a t  r e l a t i v e  abundance and d e n s ity  can a f f e c t  th e  m icro­
d is t r ib u t io n  o f a  sp e c ie s  and i t  i s  p o s s ib le  th a t  s im ila r  fa c ­
to r s  a re  im portan t a t  W arren P o in t .
3-3»3 P o p u la tio n  S tu d ie s .
3 . 3 .3 .1  S iz e  R e la tio n s h ip s .
Due to  th e  frag m en ta tio n  o f worms i t  was no t p o s s ib le  to  
a s s e s s  age by ta k in g  d i r e c t  measurements o f weight o r le n g th . 
F ig .  31 shows th a t  th e  le n g th  o f th e  th o rax  i s  p o s i t iv e ly  co r­
r e la t e d  w ith  th e  t o t a l  le n g th  o f th e  worm, e sp e c ia lly  fo r  
sm a lle r worms, and i t  was decided  to  use t h i s  fe a tu re  to  es­
tim a te  th e  r e l a t i v e  age o f in d iv id u a ls .  The r e la t io n s h ip  i s  
based  on th e  f a c t  th a t  in c re a se  in  t o t a l  le n g th  r e s u l t s  in  
an in c re a se  in  segment s i z e .  I n  young s ta g e s  growth a lso  in ­
vo lves an in c re a se  in  segment number. Above a  c e r ta in  s iz e  
i t  i s  p robab le  th a t  no new segments a re  produced and a l l  f u r ­
th e r  growth occurs by in c re a se s  in  segment s iz e  ; bo th  in  le n g th  
and w id th . U n fo rtu n a te ly  few very  la rg e  complete worms were 
found in  th e  sam ples and some o f  th e se  showed s ig n s  o f reg en -
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eratioH o These f a c to r s  ex p la in  why th e  c o r r e la t io n  between th e  
two param eters  i s  n o t a s  c lo se  fo r  th e  la rg e r  s iz e d  worms. 
N e v e rth e le s s , t h i s  method seemed accep tab le  fo r  th e  sm aller 
worms a t  l e a s t ,  and in  co n ju n c tio n  w ith  e s tim a te s  o f reproduc­
t iv e  s t a t e ,  a  re aso n ab le  p ic tu re  o f th e  p o p u la tio n  s t ru c tu re  
was o b ta in ed .
The s t ru c tu re  o f th e  p o p u la tio n .
Monthly sam ples of. th e  p o p u la tio n  were made from Jan u ary  
1973 to  F ebruary  1974. I n  some in s ta n c e s  only one core  was 
used  fo r  e s tim a te s  o f th e  p o p u la tio n , b u t where each sample 
co n ta in ed  a  la rg e  number o f worms bo th  were u sed . S iz e  f r e ­
quency h istogram s were c o n s tru c te d  fo r  each month based on th e  
d a ta  g iven  in  Appendix 4 . These a re  shown in  F ig .  32-
The h istog ram s do n o t a llow  c le a r  d e f in i t io n  o f  age groups. 
I t  i s  p o s s ib le  to  fo llow  through some o f th e  p eaks, as d iscu ssed  
below, b u t ,  in  th e  la r g e r  s iz e s  e s p e c ia l ly ,  th e  p a t te rn s  a re  
i n d i s t i n c t .  T h is  i s  undoubtedly p a r t ly  because o f in s u f f ic ie n t  
sam pling o f l a r g e r  worms to g e th e r  w ith  th e  breakdown o f th e  
le n g th  r e la t io n s h ip  u sed , b u t th e  r e s u l t s  a lso  suggest th a t  
th e  p o p u la tio n  i s  no t n e a tly  d iv id ed  in to  y ear c la s s e s .  T h is  
im p lie s  th a t  rep ro d u c tio n  occurs throughout th e  y ear and i s  
n o t r e s t r i c t e d  to  a  l im ite d  b reed ing  season . O live  (1970) 
found a s im ila r  s t ru c tu re  in  a  p o p u la tio n  o f C i r r a tu lu s  c i r r a tu s  
from N orthum berland, b u t in  t h i s  case th e  monthly h istogram s 
were a l l  very  s im ila r  in d ic a tin g  a  com pletely  asynchronous 
p a t te r n  o f rep ro d u c tio n  r e s u l t in g  in  a  dynam ically s ta b le
173
FIG. 3 2 . Monthly le n g th  frequency h istogram s o f C .c a p i ta ta
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s t r u c tu r e .  That th e re  i s  some c o -o rd in a tio n  o f rep ro d u c tio n  
in  th e  Warren P o in t p o p u la tio n  o f C.c a p i t a ta  i s  ev id en t by th e  
p resence  o f peaks which can be follow ed th rough from month to  
month. These become l e s s  d i s t i n c t  w ith  in c re a s in g  s iz e  because 
o f d i f f e r e n t  growth r a t e s  and th e  lo s s  o f a  la rg e  p a r t  o f th e  
brood th rough m o r ta l i ty .
Because b reed ing  can occur over an extended p e r io d , i t  i s  
n o t p o s s ib le  to  age th e  p o p u la tio n  by co n ven tional methods.
I n s te a d  one must r e l a t e  in fo rm atio n  on th e  growth r a t e  o f worms 
w ith  th a t  on th e  tim e tak en  to  develop r ip e  gonads.
3*3«3»2.1 Growth o f  worms.
By a n a ly s in g  the  d a ta  g ra p h ic a lly  (H arding 1949, C assie  
1930) ,  i t  i s  p o s s ib le  to  b reak  down th e  s iz e  d is t r ib u t io n s  
in to  s e p a ra te  s t a t i s t i c a l  p o p u la tio n s . T his method enab les one 
to  s e p a ra te  d i f f e r e n t  broods and fo llow  th e i r  growth from month 
to  month. Because o f th e  e f f e c t s  o f continuous b reed ing  th e  
peaks a re  n o t very  c le a r  in  t h i s  s tudy  and i t  i s  sometimes 
d i f f i c u l t  to  d is t in g u is h  d i f f e r e n t  s iz e  groups w ith  any r e l ­
i a b i l i t y .  B earing  t h i s  in  mind, however, i t  i s  p o s s ib le  to  
c a lc u la te  growth r a t e s  fo r  worms o f  d i f f e r e n t  s iz e s  (see  Table 23 ) .
Three p o p u la tio n s  can be reco g n ised  from th e  Jan u ary  sample 
and th e se  can a l l  be fo llow ed th ro u g h :in to  F eb ru a ry . The smal­
l e s t  s iz e  c la s s  shows an im crease o f 2 .3 9  mm in  t o t a l  le n g th  
which g iv es  a  growth r a t e  o f 28.7  mm p e r y e a r . The growth 
r a t e  could  n o t be determ ined fo r  th e  second group b u t th e  l a r g e r ,
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a d u lt  worms showed a growth r a t e  o f 19.2  mm p e r y e a r . Very 
young worms f i r s t  appear in  March where fo u r s iz e  c la s s e s  a re  
in d ic a te d . I t  i s  d i f f i c u l t  to  c o r r e la te  th e se  w ith  th e  Feb­
ru a ry  peaks b u t th e  l a r g e s t  catego ry  p robably  corresponds 
w ith  th e  m iddle one o f Jan u ary  and F eb ru ary , in d ic a tin g  a  
growth r a te  o f 20 .4  mm p e r y e a r . The la rg e  worms o f th e  p re ­
v ious months were n o t p re s e n t in  s u f f ic ie n t  q u a n t i t ie s  fo r  
a n a ly s is .  The sm a lle s t worms in  th e  A p r il  sample have a  mean 
th o ra c ic  le n g th  o f  1 .29 mm. The group i s  p robab ly  made up o f 
young worms spawned a t  d i f f e r e n t  tim es over a  p e r io d  o f more 
th an  one month in c lu d in g  th o se  re p re se n te d  in  th e  sm a lle s t 
s iz e  group o f March. Assuming only  th e se  l a t t e r  worms a re  
p re s e n t one can c a lc u la te  a  growth r a t e  o f 39«6 mm p e r year 
fo r  th e se  very  sm all worms. The s t a t i s t i c s  a re  r a th e r  doubt­
f u l  however, and t h i s  f ig u re  i s  n o t very  r e l i a b l e .  Young 
worms a re  s t i l l  p re se n t in  May. The sm a lle s t worms in  th e  
A p ril  sample a re  re p re se n te d  w ith  a  mean th o ra c ic  le n g th  o f 
1 .3 8  mm. T h is  g iv es  a  growth r a t e  o f 21.6 mm p e r y e a r . - T h is  
f ig u re  i s  p robab ly  u n d erestim ated  due to  th e  e f f e c t  o f con­
tin u o u s  spawning on th e  p o s i t io n  o f th e  mean. The group of 
young a d u lts  in  th e  A p r il  p o p u la tio n  (mean th o ra c ic  le n g th  = 
4 .2 5  mm) now has a  mean le n g th  o f 4 .44  mm which g iv es  a  growth 
r a t e  o f  14 .4  mm p e r y e a r . I n  June  young s ta g e s  a re  s t i l l  p re ­
se n t su g g es tin g  a  continuous spawning th roughout th e  month. 
G rap h ica l a n a ly s is  i s  n o t p o s s ib le  because o f t h i s  o v e rla p . 
There a re  no young s ta g e s  in  th e  J u ly  sam ple, th e  sm a lle s t 
ca teg o ry  re p re se n tin g  th e  e a r ly  s ta g e s  o f th e  d is t r ib u t io n  
fo r  A p r i l .  The growth over th e  th re e  months i s  8.1 mm.
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S im ila r ly ,  th e  May and June  young c la s s e s  can he follow ed 
th rough in to  August and September showing an in c re ase  in  t o t a l  
le n g th  o f 4 .0  mm and 6 .3  mm r e s p e c t iv e ly .  The f ig u re s  fo r  
l a t e  September a re  l e s s  c le a r .  The in c re a se  in  th e  mean s iz e  
o f  th e  th re e  p o p u la tio n s  i s  too  g re a t fo r  th e se  to  re p re se n t 
th e  September b roods, b u t th e  an a ly ses  a re  based on a very  sm all 
sample number and may be in a c c u ra te . The sample fo r  O ctober 
shows a  brood o f young worms w ith  a  mean th o ra c ic  le n g th  o f 
1 .1 3  mm. A llow ing fo r  two weeks development p r io r  to  meta­
morphosis th e se  worms a re  p robab ly  about two months o ld  and 
re p re se n t a  spawning in  l a t e  August o r e a r ly  Septem ber. The 
November sample i s  d i f f i c u l t  to  analy se  as th e re  a re  no peaks 
bu t g ra p h ic a l a n a ly s is  su g g es ts  th re e  p o p u la tio n s . These 
cannot be c o r re la te d  w ith  th e  p rev io u s  m onth 's sam ple. I n  
December a  few young worms a re  p re se n t in d ic a tin g  th e  onset 
o f  a  fu r th e r  b reed ing  p e rio d  and sm a ll-s iz e d  worms a lso  occur 
in  th e  F eb ruary  1974 sample a lthough  th e re  a re  in s u f f ic ie n t  
d a ta  fo r  g ra p h ic a l a n a ly s is .
These r e s u l t s  i l l u s t r a t e  th e  complex n a tu re  o f th e  pop­
u la t io n  dynamics in  t h i s  s p e c ie s . The p resence  o f young worms 
in  e ig h t months o f th e  y ea r confirm s th e  i n i t i a l  im pression  th a t  
b reed in g  i s  n o t r e s t r i c t e d  to  any seaso n . . The absence o f 
young s ta g e s  in  th e  o th e r months does no t n e c e s s a r i ly  in d ic a te  
th a t  spawning has been in te r ru p te d .  F or example, th e  sm all 
mean th o ra c ic  le n g th  o f worms in  August would in d ic a te  th a t  
young worms should  be p re se n t in  J u ly ,  b u t th e se  a re  n o t r e ­
v ea led  by g ra p h ic a l a n a ly s is .  Sampling e r ro r s  o f t h i s  type
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a re  to  be expected w ith  a  sp e c ie s  showing such a marked aggre­
g a tio n , e s p e c ia l ly  as th e  l a r v a l  development may be b en th o n ic .
D esp ite  th e  problem s in v o lv ed -in  t h i s  a n a ly s is  i t  i s  poss­
ib le  to  draw some c o n c lu s io n s . Spawning alm ost c e r ta in ly  
occurs throughout th e  y ea r and th e  worms grow from 14 mm to  
40 mm p e r annum accord ing  to  ag e . Thus th e  sm a lle s t worms 
show th e  f a s t e s t  growth r a t e .  T h is  appears to  le v e l  o f f  w ith  
in c re a s in g  ag e . However, no c le a r  c o r r e la t io n  between th o ra c ic  
le n g th  and growth r a t e  was o b ta ined  and . i t  i s  p o ss ib ly  an 
ap p aren t r e la t io n s h ip  on ly , brought about by th e  method o f 
m easuring ag e . Any growth an anim al makes w i l l  be expressed  
in  th re e  dim ensions b u t th e  measurements o f le n g th  tak e  account 
o f only  two. The r e s u l t in g  d isc rep a n c ie s  w i l l  be g re a te r  w ith  
in c re a s in g  s iz e .
Taking a  va lue  o f 30 mm p e r y ear fo r  th e  growth r a t e  and 
assuming a  two to  th re e  week, l a r v a l  developm ent, worms would 
tak e  about seven months to  reach  a d u lt  s iz e  (se e  s e c tio n  3 "3 »3 * 
2 .2 ) .  A llow ing th re e  to  fo u r months fo r  development o f r ip e  
gametes (se e  s e c tio n  3 *3 . 3 *2 . 3 ) t h i s  would enable worms to  
reproduce in  t h e i r  f i r s t  y e a r .
3 .3*3*2 .2  Sex r a t i o  o f worms.
A dult worms can be sexed by d if fe re n c e s  in  t h e i r  e x te rn a l 
morphology, m ales having a  co p u la to ry  ap p ara tu s  which i s  ab­
s e n t in  th e  fem ale. Fem ales c o n ta in in g  f a i r l y  w ell-developed  
oocy tes can e a s i ly  be reco g n ised  by th e  w hite sw e llin g s  around
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th e  coelom oducts. Because th e  worms cannot be p laced  in to  
y ea r c a te g o r ie s  i t  i s  d i f f i c u l t  to  d e fin e  th e  th o ra c ic  
le n g th  a t  which m a tu rity  i s  a t ta in e d  b u t th e  absence o f dev­
e lo p in g  gametes in  any m ales sm alle r th an  3*8 mm and any fe ­
m ales sm alle r th an  4 .2  mm in  th o ra c ic  le n g th  has le d  to  .a l l  
worms la r g e r  than  th e se  s iz e s  being taken  a s  a d u l t .  I n  any 
p o p u la tio n  th e re  w i l l  be some in d iv id u a ls  ach iev in g  sexua l 
m a tu rity  a t  an e a r l i e r  age and i t  i s  alm ost c e r ta in  th a t  
many o f th e  worms w ith  a  th o ra c ic  le n g th  o f about 4 mm a re  in  
f a c t  ju v e n i le s .
N e v e rth e le s s , ta k in g  4 mm as  th e  s tan d a rd , th e  worms were
d iv id ed  acco rd ing  to  t h e i r  sex . The r e s u l t s  a re  shown in
F ig .  33" I t  can be seen  th a t  th e  sexes occur in  roughly
equal p ro p o r tio n s  except fo r  th e  samples taken  in  th e  w in te r
o f 1973/1974  where fem ales outnumber m ales. There a re  no
obvious reaso n s  fo r  t h i s ,  th e  o v e ra l l  sex  r a t i o  .being 34.33 %
fem ales to  46.43 % m ales. T h is  d if fe re n c e  i s  no t s ig n i f ic a n t  
2()(. = 1 .2 3 2 ) .
3"3"3"2 .3  S easona l v a r ia t io n s  in  th e  sexua l m a tu rity  o f 
th e  p o p u la tio n .
M ales.
Coelomic samples were taken  from s u i ta b le  p rese rv ed  
worms each month and th e  f lu id  scanned fo r  s ta g e s  o f sperm­
a to g e n e s is . Sperm r o s e t te s  were p re se n t in  a l l l t h e  samples 
examined and th e  m a jo rity  o f worms a lso  con ta in ed  r ip e  sperm 
and sperm m orulae. The more advanced s ta g e s  o f development
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were sometimes ab sen t from th e  sm a lle r worms. The sperm type 
was t h a t  f ig u re d  by F ranzen  (1 9 3 ^ ).
Thus r ip e  worms were found in  samples throughout th e  y e a r . 
The percen tag e  o f a d u lt  m ales co n ta in in g  r ip e  sperm in  each 
month i s  g iven  in  F ig .  34a.
Fem ales.
The oocy tes o f C.c a p i t a ta  a re  no t re le a s e d  in to  th e  
coelom u n t i l  th ey  a re  alm ost f u l ly  developed. Monthly meas- 
urem ents o f oocyte d iam eters were made and th e  mean oocyte 
d iam eter c a lc u la te d  fo r  each fem ale and fo r  a l l  th e  fem ales 
each month. I n  some fem ales oocytes o f very  d i f f e r e n t  s iz e s  
were encountered  in  which case th e  d i f f e r e n t  s iz e  c a te g o r ie s  
were t r e a te d  s e p a ra te ly . S im ila r ly  oocytes which were f re e  
in  th e  coelom were sampled s e p a ra te ly  from th o se  s t i l l  a t t ­
ached to  th e  gonad.
The r e s u l t s  show th a t  th e  mean oocyte d iam eter v a r ie s  
co n sid e rab ly  amongst in d iv id u a ls  (F ig . 33) b u t rem ains f a i r l y  
c o n s tan t from month to  month (F ig . 38) .  T h is  i s  a  fu r th e r  
a sp e c t o f th e  dynamic s t a b i l i t y  o f t h i s  p o p u la tio n .
The sm a lle s t oocytes which could  be d e tec te d  in  th e  ovary 
had a  d iam eter o f 2 8 /im. At a  d iam eter o f 83 xim th e  oocytes 
beg in  to  detach  from th e  gonad and a re  found f r e e  in  th e  
coelom. The la r g e s t  oocy tes encountered  were 103>nm in  diam -
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FIGo 34 Seasonal v a r ia t io n s  in  se^oially  m ature worms.
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e t e r ,  b u t i t  i s  known from samples o f f e r t i l i s e d  eggs taken  
from th e  p a re n ta l  tube  th a t  some eggs a re  r ip e  a t  9^ /urn in  
d iam e te r . However, most o f  th e  f e r t i l i s e d  eggs showed a 
d iam eter o f oirer lOO/um.
The percen tag e  o f fem ales co n ta in in g  r ip e  oocy tes was 
very  low (F ig . 3^b) b u t such fem ales w e re .p resen t throughout 
th e  y e a r .
The mean oocyte d iam eter fo r  each fem ale was p lo t te d  a g a in s t 
th o ra c ic  le n g th  in  an a ttem p t to  deduce th e  age s t r u c tu r e  o f 
th e  fem ale p o p u la tio n . The r e s u l t in g  s c a t t e r  diagram i s  
shown in  F ig .  37» The worms were d iv id ed  in to  th re e  a r b i t r a r y  
c a te g o r ie s  accord ing  to  oocyte d iam eter and th e  le n g th  f re q ­
uency d i s t r ib u t io n  o f each group analysed  g ra p h ic a lly  to  sep­
a r a te  p o p u la tio n s . The sm a lle s t c a teg o ry , c o n s is tin g  o f 
worms w ith  a mean oocyte d iam eter o f l e s s  th an  43 /im, was no t 
la rg e  enopigh to  be an aly sed  and th e  d a ta  were combined w ith  
th e  n ex t c la s s  in s te a d . The a n a ly s is  y ie ld e d  th re e  s t a t i s t ­
i c a l  p o p u la tio n s  as shown in  T able 24. T h is  su g g ests  th a t  
th e  p o p u la tio n  a t  Warren P o in t i s  made up o f th re e  b reed ing  
c la s s e s .  The d if fe re n c e  in  a b so lu te  le n g th  o f th e  worms in  
each group i s  about 10 mm. T h is  re p re se n ts  about fou r months’ 
grow th, assuming a 30 mm p e r annum growth r a t e .  T h is  means 
th a t  fem ale worms can spawn every fo u r months.
I t  i s  known th a t  fem ale worms beg in  to  develop oocytes
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FIG. 37 R e la tio n sh ip  between th e  mean oocyte d iam eter and th o ra c ic  
le n g th .
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TABLE 24. R esu lts  o f RraTJhical an a ly ses  showing derived
breeding; c la s s e s .
Oocyte diam eter Mean le n g th Standard d ev ia tio n % o f pop^
^m ) o f th o rax  (mm) u la t io n
70 8.40 i . 4o 20
6.o 8 0.61 54
5.08 0.45 26
45 -  70 8.16 0.82 15
6.72 0.58 4o
5.04 0.75 45
< 70 8.20 0.90 26
6.51 0.48 24
5.24 0.76 50
Mean le n g th  o f th o rax T o ta l le n g th  o f D iffe ren ce  (mm)
from a l l  p o p u la tio n s each p o p u la tio n
(mm) (mm)
8.25
6.49
5.12
46 .4
57.1
28.1 ■
11.5
9 .0
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a t  about 4 mm th o ra c ic  le n g th  ; i . e .  a f t e r  about seven o r e ig h t 
m onths. Assuming th a t  some worms spawn a t  6 mm th o ra c ic  le n g th , 
worms a re  about a  y ear o ld  when they  f i r s t  spawn. T h is  im plies  
t h a t ,  even i f  th ey  su rv iv e  to  spawn a  second and th i r d  tim e , 
very  few worms su rv iv e  a  second y e a r .
3*3«3«2.4 Female fe c u n d ity .
The number o f eggs produced by a  fem ale i s  r e la te d  to  age. 
O varies  beg in  in  th e  f i r s t  abdominal segment and con tinue  
n e a r ly  to  th e  end o f th e  body. Only th e  th in n e r ,  newly added 
segments n ear th e  pygidium show no s ig n  o f gamete p ro d u c tio n . 
The number o f oocy tes p e r ovary was f a i r l y  co n sta n t w ith  no 
marked in c re a se  in  o ld e r worms. E s tim a tes  o f t h e . l o t a l  number 
o f  eggs .produced range from 10,000 in  young fem ales to  14,400 
in  o ld e r  worms and th e se  f ig u re s  compare w ell w ith  th e  counts 
o f f e r t i l i s e d  eggs in  th e  fe m a le 's  tube  a f t e r  spawning. Thus 
most o f th e  eggs a re  re le a s e d  a t  a  s in g le  spawning and any 
rem ain ing  a re  presum ably re so rb e d . The presence  o f d i f f e r e n t  
s iz e  c a te g o r ie s  o f eggs su g g es ts  th a t  th e  p ro d u c tio n  o f a  new 
s e r ie s  o f oocy tes i s  s t a r t e d  p r io r  to  awning, a lthough  th e  
oocy tes rem ain too  sm all to  be e a s i ly  so r te d  fo r  s e v e ra l 
weeks*.
3 . 3 . 3 . 2 . 3 '  O ccurrence o f la rv a e .
Fem ales w ith  f e r t i l i s e d  eggs in  t h e i r  tubes were fo u n d .in  
a l l  th e  samples except th o se  tak en  in  Jan u a ry  and November. 
Exam ination o f  th e se  showed th a t  in  most in s ta n c e s  th e  la rv a e  
were s e v e ra l days o ld , so th a t  i t  i s  u n lik e ly  th a t  spawning
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i s  induced by th e  c o l le c t io n  i t s e l f .  I n  a  few cases th e  
la rv a e  in  th e  tu b es  were very  w ell-developed  w ith  no s ig n s  
o f c i l i a r y  r in g s .  The growth r a t e  o f th e  la rv a e  was s tu d ie d  
under v a rio u s  co n d itio n s  in  th e  la b o ra to ry  and t h i s  a sp ec t 
i s  d iscu ssed  more f u l ly  in  s e c tio n  4 .2 .2 .  However, th e  p re ­
sence o f la rv a e  alm ost ready  to  metamorphose and y e t s t i l l  
in  th e  p a re n ta l  tube  in d ic a te s  th a t  th e se  worms may be undera­
ge ing a p u re ly  ben thonic  developm ent.
P lan k to n  sweeps y ie ld e d  l a r v a l  C.c a p i t a t a  on f iv e  occas­
ions (F eb ru ary , May, September , O ctober and F eb ruary  1974) 
from sam ples o f i n t e r s t i t i a l  w a te r , b u t th e  sp ec ie s  was never 
c o l le c te d  in  th e  o ffsh o re  sam ples. T h is  could  p o ss ib ly  be 
due to  in s u f f ic ie n t  sam pling o f  th e  l a t t e r .
3*3*3*3 P o p u la tio n  d e n s ity .
Because o f th e  h e te ro g e n e ity  o f th e  s u b s tr a te  and th e  
p a tc h in e ss  o f th e  d is t r ib u t io n  in  t h i s  sp ec ie s  i t  i s  no t 
p o s s ib le  to  g ive  an a c c u ra te  e s tim a te  o f th e  p o p u la tio n  den­
s i t y  a t  Warren P o in t .  Many samples would be needed fo r  th i s  
and th e  lab o u r invo lved  d id  n o t seem w orthw hile . However, a  ’ 
very  rough e s tim a te  can be made from th e  monthly cor,es which 
show a  mean d e n s ity  o f 26,439 m"" w ith  a  maximum p o ss ib le  
va lue  o f 78,424 m
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3 .3 .3 .4  D iscu ss io n .
• The r e s u l t s  show th a t  th e  Warren P o in t p o p u la tio n  o f 
C oc a p i ta ta  i s  a b le  to  b reed  th roughout th e  year and th a t  
th e re  i s  very  l i t t l e  sy n ch ro n isa tio n  o f rep ro d u c tio n  b e t­
ween fem ales. P rev io u s  w orkers have a lso  found an ex ten ­
s iv e  b reed ing  seaso n . Thus E is ig  ( 1887) c o lle c te d  sex u a lly  
m ature worms from November to  May in  N ap les . Bhaud ( 1967) 
found c a p i t e l l i d  la rv a e  in  th e  p lan k to n  from Jan u a ry  to  
March, June  and J u ly  and O ctober to  December in  th e  M ed ite rr­
anean, and from F eb ruary  to  A p r i l ,  June  to  August and O ctober 
and November in  th e  Oresund (Denmark) and c l a s s i f i e d  th e  
fam ily  a s  eury therm al w ith  tem perate  a f f i n i t i e s .  Casanova 
( 1933) found C .c a p i ta ta  la rv a e  throughout th e  y ear in  th e  
M ed iterranean , a lth o u g h  G uerin  (1973) d iscovered  th a t  they  
were v i r t u a l ly  ab sen t from th e  M a rse ille s  re g io n  in  th e  
summer months. Pasmussen ( 1938) c o lle c te d  r ip e  fem ales from 
th e  I s e f jo r d  (Denmark) in  A p r il  and May, and O ctober and 
November b u t h is  sample was very  sm all and he considered  i t  
p o s s ib le  th a t  re p ro d u c tio n  occu rred  in  th e  in te rv e n in g  summer 
months as  w e ll .  Sm idt (1931) found la r v a l  C .c a p i ta ta  in  
p lan k to n  samples from th e  D anish Waddensea in  Ju n e , and from 
August to  November,with th e  l a r g e s t  numbers o ccu rrin g  in  
e a r ly  autumn. Thorson (1946) found th e  la rv a e  throughout 
th e  y ea r in  th e  Oresund and concluded .'tha t th e  ex ten siv e  
b reed ing  p e rio d  was r e la te d  to  vary ing  tem pera tu re  maxima 
a t  d i f f e r e n t  l o c a l i t i e s .  R e ish  ( 1961) a lso  found th a t  C. 
c a p i ta ta  la rv a e  s e t t l e d  throughout th e  y ear in  C a lifo rn ia n
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w a te rs .
I t  i s  unusual fo r  p o ly ch ae te s  which spawn la rg e  numbers 
o f gametes to  have an extended breed ing  season a lthough  t h i s  
occurs in  some s e rp u lid s  (K nigh t-Jones 1931, R o th lisb e rg  1974) 
which r e le a s e  only sm all numbers o f eggs a t  a  tim e . O live  
( 1970) found an alm ost com pletely  asynchronous extended 
b reed ing  season in  C ir r a tu lu s  c i r r a t u s , b u t h e re  in d iv id u a l 
fem ales spawned approxim ately  y e a r ly . A ren ico la  ecaudata  
a lso  b reeds th roughout th e  y e a r , a lthough  th e re  a re  two peaks 
o f  spawning a c t i v i t y  (Southward and Southward 1938).
When food i s  always a v a i la b le ,  as i s  undoubtedly th e  case 
a t  Warren P o in t ,  asynchronous rep ro d u c tio n  a llow s th e  sp ec ie s  
to  e x p lo it  th e  re so u rc e s  to  th e  f u l l ,  w ithou t p la c in g  too  
heavy a  demand on food su p p lie s  a t  any one tim e .
F o r such behaviour to  be su c c e s s fu l, however, th e  sp ec ie s  
must be capable  o f rep roducing  a t  th e  extrem es o f tem peratu re  
to  which i t  i s  exposed. A continuous tem peratu re  re c o rd  o f 
th e  s u b s tr a te  a t  Warren P o in t was n o t made b u t monthly re a d ­
ings do no t show a  p a r t i c u la r ly  wide range (3°C -  14°C) .
C.c a p i t a t a  i s  e s s e n t ia l ly  a  temperate and high latitude species and it is
u n lik e ly  th a t  a  tem peratu re  o f  would ad v erse ly  a f f e c t
re p ro d u c tio n , a lthough  growth i s  presum ably reduced according
to  v a n 't  H o f f 's  g e n e r a l is a t io n .  I t  must be remembered,
however, th a t  th e  w in te rs  o f 1972/3 and 1973/4 were very  m ild
and th e  e f f e c t s  o f a  severe  w in te r (su ch  as  th a t  o f 196^ 3)
m ight be d e tr im e n ta l. Tem perature to le ra n c e  experim ents
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( s e c t io n  4 .2 .1 )  show th a t  th e  sp ec ie s  pan su rv iv e  a  tem peratu re  
o f 4°C fo r  s e v e ra l days, b u t no t e s t  o f rep ro d u c tiv e  a b i l i t y  
under th e se  co n d itio n s  was made. However, G ra ss le  and G ra ss le  
( 1974) found th a t  th e  sp ec ie s  reproduced throughout th e  y ear 
a t  B u zza rd 's  Bay, M assachusetts  where th e  tem peratu re  ranged 
from -0.3°C to  27°C (D r is c o l l  1972). Tem perature to le ra n c e  
experim ents in v o lv in g  h ig h e r tem pera tu res  showed th a t  th e  
sp e c ie s  was f a i r l y  s e n s i t iv e  and t h i s  may ex p la in  th e  la c k  
o f  re p ro d u c tiv e  in d iv id u a ls  in  th e  summer months a t  N ap les .
The l e t h a l  tem peratu re  o f 3 1 i s  w e ll above th e  h ig h e s t 
tem peratu re  experienced  a t  Warren P o in t .
The number o f eggs produced a t  each spawning i s  u su a lly  
r e l a t e d  to  th e  consequent f a te  o f  th e  la rv a e .  The development 
o f C.c a p i t a t a  has been d e sc rib ed  in  d e ta i l  (C laparede and 
Mecznikow 1869 , E is ig  1887 , 1889 , Leschke 1903 and Hofker 
1930) and i t  i s  known to  produce a  yolky egg undergoing te n  to  
fo u r te e n  days development in  th e  m aternal tube  and a  f u r th e r  
seven days as  a  le c i th o tro p h ic  p e la g ic  l a r v a .  The s iz e  o f 
th e  eggs i s  r e l a t e d  to  th e  y o lk  co n ten t and a s  a  g e n e ra l r u le  
la rg e  eggs a re  sm a lle r in  number th an  th o se  w ith  l e s s  y o lk , 
a lth o u g h  th e re  i s  co n s id e rab le  v a r ia t io n  on t h i s  p o in t .  Un­
fo r tu n a te ly  th e re  i s  l i t t l e  d e ta i le d  in fo rm atio n  a v a ila b le  
on t h i s  r e la t io n s h ip  in  C .c a p i ta ta . E is ig  ( 1887) measured 
r ip e  oocytes a t  j u s t  under 300 jom in  d iam eter compared w ith  
100 yUm in  th e  p re se n t s tu d y . Rasmussen (l938) found th a t  
l a r v a l  0 . c a p i ta ta  were about 400 -  300 /im in  le n g th . There
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a re  some d a ta  a v a ila b le  on th e  number o f eggs produced.
R e ish  ( unpublished) computes th a t  la b o ra to ry -c u ltu re d  fem ales 
o f  C a l ifo rn ia n  s to ck  la y  130 -  230 eggs and B e llan  e t  a l .
( 1972) c a lc u la te d  th e  mean number o f eggs p e r fem ale as  283 
fo r  a  p o p u la tio n  from B a n y u ls -su r-^ e r , F ran c e . Muus (1987) 
found about I 30 eggs in  each fem ale tu b e . I t  i s  im portan t 
to  co n sid e r th e  s iz e  o f th e  worms when in te rp re t in g  th e se  
d a ta . R e is h 's  p o p u la tio n  and th e  one from th e  so u th  o f F rance  
were b o th  very  sm all in  s iz e ,  w ith  a d u lt  worms o f about 10 mm 
(p e rso n a l communication w ith  D rs . R e ish  and B ellan ) and Muus 
( 1987) re p o r te d  th a t  most o f th e  anim als in  h is  s tudy  were 
l e s s  th an  12 mm in  le n g th . G ra ss le  and G ra ss le  (1974) found 
from 40 -  3OO eggs in  fem ales and showed à  p o s i t iv e  c o r re la t io n  
between egg number and th e  le n g th  o f th e  worm. The p o p u la tio n  
in  th e  p re se n t s tudy  seems-'to.b® a t  th e . extreme o f. th e  egg s i z e /  
number r e la t io n s h ip  as  i t  produces a  la rg e  number o f sm all 
eggs. A s im ila r  c o n d itio n  i s  in d ic a te d  fo r  C .herm aphrodita  
(B ole tzky  and Dohle I 987) .
L a rv a l p ro te c t io n  in  p o ly ch ae te s  may have s e v e ra l func­
t io n s .  I n  C .c a p i ta ta  th e  tube  obviously  a f fo rd s  p ro te c tio n  
from p re d a to rs  fo r  th e  e a r ly  s tag e s  o f development and a lso  
m ain ta in s  th e  la rv a e  under' optimum c o n d itio n s . The p ro te c t iv e  
advantages a re  to  some e x ten t n u l l i f i e d  by th e  d isadvan tage o f 
having a l l  th e  la rv a e  to g e th e r .  T h is may, however, have an 
e f f e c t  on th e  d is p e r s a l  o f th e  la rv a e .  By keeping them to ­
g e th e r fo r  th e  f i r s t  two weeks th e  la rv a e  a re  to  some e x ten t 
k ep t in  th e  fav o u rab le  a d u lt  h a b i t a t .  T his e f f e c t  would be
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extended even fu r th e r  by c u tt in g  out the: p lan k to n ic  s tag e  
com ple te ly . Rasmussen (1938) f i r s t  found evidence o f t h i s  
in  fem ales he c o l le c te d  from th e  I s e f jo r d .  He found th a t  
th e  la rv a e  grew up to  1200/um in  th e  tube and when removed 
from i t  showed no p la n k to n ic  a t t r i b u t e s  b u t craw led a c ro ss  
th e  bottom  o f th e  c o l le c t in g  v e s s e l .  Muus ( 1987) a lso  found 
la rv a e  o f  over 1000 jrni in  t h e i r  p a re n ta l  cases in  D anish 
w a te rs . G ra ss le  and G ra ss le  (1974) found a  s im ila r  co n d itio n  
in  M assachuse tts  and com pletely  b en th ic  la rv a e  have been 
found in  th e  p re s e n t s tu d y . T h is  means th a t  th e  eggs must be 
p ro v id ed  w ith  s u f f i c i e n t  food m a te r ia l  to  com plete development 
and one would expect to  f in d  a  re d u c tio n  in  egg number, a l ­
though t h i s  i s  n o t th e  case h e re .
Brood p ro te c t io n  n e c e s s i ta te s  some m o d if ica tio n s  in  th e  
method o f  f e r t i l i s a t i o n .  C.c a p i t a t a  i s  b e lie v ed  to  have 
in te r n a l  f e r t i l i s a t i o n  b u t co p u la tio n  has never been ob­
se rv ed . However, th e  m odified  g e n i ta l  s t r u c tu r e s  would 
su ggest th a t  c o p u la tio n  does occur and th e re  i s  some evidence 
to  suggest th a t  f e r t i l i s a t i o n  i s  in te r n a l .  The spermatozoon 
has been d e sc rib ed  by F ranzeh  (1938) and shows m o d ifica tio n s  
in  th e  m iddle p ie c e  which has many m itochondria . T h is  i s  
ty p ic a l  o f th o se  sp ec ie s  in  which th e  fem ale s to re s  sperm. 
E is ig  ( 1887) found sperm in  young fem ales, and a lthough  t h i s  
m ight in d ic a te  herm aphroditism , i t  i s  s im p ler to  propose 
sperm s to ra g e . S ex u a lly  m ature fem ales develop pads around 
th e  coelom oducts (F ig . 38) a t  c e r ta in  tim es and th e se  a re  
b e lie v e d  to  p lay  a  p a r t  in  c o p u la tio n . The sw ollen c e l l s
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FIG. 38 . C ap ite lla  c a p ita ta , Plymouth. Photomicrographs of 
female coeloraoduct. Scale represen ts 100 /m .
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re g re s s  a s  th e  oocytes in c re a se  in  s iz e .  I t  seems l i k e ly ,  
th e re fo re ,  th a t  co p u la tio n  occurs b e fo re  m a tu ra tio n  o f th e  
o o cy te s . The s i t e  o f sperm s to ra g e  was no t lo c a te d  b u t 
E is ig  ( 1887) d e sc rib ed  sperm atophores.
The tim e taken  to  com plete th e  l i f e  cy c le  i s  a lso  r e l ­
a t iv e ly  sh o r t when compared to  o th e r po ly ch aè te  s p e c ie s .
Thus a  Northum berland p o p u la tio n  o f M elinna c r i s t a t a  f i r s t  
b reeds when i t  i s  two y e a rs  o ld  and th en  a t  y e a r ly  in te r v a ls  
(H utchings 1973) and C ir r a tu lu s  c i r r a tu s  b reeds a t  in te r v a ls  
in  excess o f one y ear (O liv e  1970). The tim e taken  to  dev­
elop  r ip e  gametes in  0 . c a p i t a t a  i s  reckoned a t  fo u r months 
in  th e  p re se n t s tudy  b u t t h i s  i s  i t s e l f  h igh  when compared • 
w ith  tim es g iven  by p rev io u s  w orkers. F o r example R e ish  and 
B arnard  ( 1960) e s tim a te  a  30 -  60 day l i f e  cy c le  and G rass le  
and G ra ss le  (1974) suggest 3 0 - 4 0  days.
The rep ro d u c tiv e  b io logy  o f  C.c a p i t a ta  r e f l e c t s  i t s  opp­
o r tu n i s t i c  n a tu re . I t s  extended b reed ing  p e rio d  a llow s i t  
to  e x p lo it  food re so u rc e s  th roughout th e  y ear and by brooding 
th e  la rv a e  d is p e r s a l  i s  m inim ised. The p o p u la tio n  i s  fu r th e r  
b u i l t  up by i t s  s h o r t re p ro d u c tiv e  cy cle  which enab les a  
fem ale to  reproduce s e v e ra l tim es each y e a r .
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4. • LABORATORY' EXPERIMENTS,
4.1 D ig estio n  o f food.
A knowledge o f th e  d ig e s t iv e  p ro cesses  in  C .c a p i ta ta  was 
n ecessa ry  fo r  th e  re c o g n itio n  o f a s s im ila b le  o rgan ic  m a tte r in  
th e  s u b s t r a te .  The d ig e s t iv e  re g io n  o f th e  gu t was reco g n ised  
and an a ly sed  fo r  enzymes a s  d e sc rib ed  below . Worms c o lle c te d  
from Warren P o in t were used  in  every  ca se .
4 .1 .1  Morphology and h is to lo g y  o f th e  g u t.
4 . 1 . 1.1  Methods.
The morphology o f th e  gu t was in v e s t ig a te d  by the  d is s e c tio n  
o f f r e s h  and p re se rv ed  m a te r ia l .  Worms were re la x e d  p r io r  to  
d is s e c t io n  or f ix a t io n  w ith  a  s a tu ra te d  s o lu t io n  o f magnesium 
c h lo rid e  d i lu te d  to  30  % w ith  seaw ater.
The h is to lo g y  o f th e  d i f f e r e n t  re g io n s  o f th e  gut was 
s tu d ie d  by ta k in g  s e r i a l  s e c t io n s .  Four a d u lt  worms were kep t in  
mud under la b o ra to ry  c o n d itio n s  fo r  two weeks b e fo re  experim ent­
a t io n .  They were then  t r a n s fe r r e d  to  c lean  d ish es  o f f i l t e r e d  
seaw ater fo r  24 hours in  o rd er to  remove sand p a r t i c l e s  from th e  
g u t .  The worms were f ix e d  in  B ou in 's  f ix a t iv e  and a f t e r  embed­
ding in  p a r a f f in  wax 7 /im s e r i a l  s e c tio n s  were cu t from th re e  
o f th e  worms. The fo u r th  specimen was sec tio n e d  lo n g i tu d in a l ly .  
S e le c ted  tra n sv e rse  s e c tio n s  were s ta in e d  w ith  E h r l ic h 's  haem at-
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o x y lin  and e o s in , M a llo ry 's  t r i p l e  s t a in ,  H eid en h a in 's  iro n  
haem atoxylin  o r to lu id in e  blue# The lo n g itu d in a l  s e c tio n s  were 
s ta in e d  w ith  M a llo ry 's  s t a i n .
Worms which were h e a v ily  in fe c te d  w ith  th e  i n t e s t i n a l  p a r a s i te  
Ancora s a g i t t a t a  (Cecconi 1903» G anapati 1946) were n o t used  in  
t h i s  s tu d y .
4 .1 . 1 .2  R e s u lts .
The gu t was found to  c o n s is t  o f fou r re g io n s : -  b ucca l c a v ity , 
e v e r s ib le  p ro b o sc is , oesophagus and i n t e s t i n e .  The m uscles o f 
th e  p ro b o sc is  a p p a ra tu s  h o ld  th e  expanded pharynx f irm ly  in  
p la c e . This l a t t e r  re g io n  a p a r t ,  th e  oesophagus i s  about h a l f  
a s  wide a s  th e  i n t e s t i n e ,  and i t  i s  confined  to  th e  th o ra x .
The f i r s t  abdominal segment marks th e  s t a r t  o f th e  in te s t in e  
which co n tin u es  s t r a ig h t  to  th e  an u s. I t  can be d iv ided  in to  
re g io n s  from h is to lo g ic a l  ev idence . Accompanying th e  in te s t in e  
fo r  most o f i t s  le n g th  i s  an i n t e s t i n a l  siphon which jo in s  a t  
th e  ju n c tio n  o f th e  th o ra x  and abdomen and merges w ith  th e  gut 
ag a in  tow ards th e  anus. This accesso ry  cana l i s  p re se n t in  sev­
e r a l ,  p o s s ib ly  a l l ,  c a p i t e l l i d s ,  and i s  b e lie v e d  to  fu n c tio n  as 
a  pump drawing w ater in to  th e  body fo r  r e s p i r a to r y  purposes
(E is ig  1887) .
H is to lo g ic a l ly  th e  bu cca l c a v ity  appears  to  be s im ila r  to  
th e  oesophagus w ith  many mucous c e l l s  in  b o th  re g io n s . C i l ia  
a re  p re s e n t in  th e  bu cca l c a v ity  b u t a re  ab sen t from th e  p h a r-
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yn g ea l re g io n  which i s  very  m uscular, having  th e  ap p ara tu s  fo r  
th e  ev ers io n  o f th e  p ro b o sc is . G landular c e l l s  a re  common in  
bo th  re g io n s . M ichel ( 1967) has s tu d ie d  th e  p ro b o sc is  o f 
Notomastus la te r ic e u s  in  d e t a i l  and su g g es ts  th a t  th e  g lan d u la r 
s e c re t io n ,  which i s  composed o f complex a c id  m ucopolysaccarides 
and l i p i d s , may p la y  a  r o le  in  p ro te c t in g  th e  e p i th e l i a l  s u r ­
fa c e .
The in te s t in e  can be d iv id ed  in to  s e v e ra l  re g io n s  accord ing  
to  th e  c e l l  ty p es  p re s e n t .  F isc h e r (1884) gave a  b r i e f  account 
o f th e  gu t in  C .c a p i ta ta  and in  I 887 E is ig  d e sc rib ed  th e  h i s t ­
ology o f  th e  i n t e s t i n e ,  a lthough  B ra s i l  (1904) questio n ed  h is  
r e s u l t s .  The f i r s t  p a r t  o f th e  in t e s t in e  i s  f a i r l y  m uscular 
and th e re  i s  no s ig n  o f a  v e n tr a l  g u t te r .  The p r in c ip a l  c e l l  
type i s  a  t a l l  columnar c e l l  w ith  a  g ra n u la r  nucleus and c le a r  
cytoplasm  which ap pears  p a le  b lu e  in  M allo ry 's  s t a i n .  The nuc­
le u s  co n ta in s  dark  b lu e  g ran u les  and an orange n u c le o lu s . ,In 
iro n  haemat o x y lin  th e  c e l l s  a re  dark  and th e  g ra n u la r  nucleus has 
a  b lack  n u c le o lu s . G lobular shaped c e l l s  a re  a lso  p re se n t in  
sm all numbers. These s t a i n  very  f a in t l y  in  M allo ry 's  and have 
b lu e  cy toplasm ic g ra n u le s . S ta in in g  w ith  iro n  haem atoxylin  
r e s u l t s  in  a  darker cytoplasm . A nucleus cannot be d e te c te d . 
These c e l l  ty p es  a re  i l l u s t r a t e d  in  F ig . 39a.
A m id -v en tra l furrow  f i r s t  appears a t  th e  beginn ing  o f th e
i n t e s t i n e .  I t s  c e l l s  a re  d is tin g u is h e d  from o th e rs  in  th e  same 
j re g io n  by th e  p resence  o f very  long  c i l i a .  V arious s t a t e s  o f
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FIG. 39 The h is to lo g y  o f th e  in te s t in e  in  C .c a p i t a ta .
a .  IS  Beginning o f in te s t in e
30 /im
m id -v en tra l furrow
b . TS V en tra l p a r t  o f e a r ly  in te s t in e
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v a c u o la tio n  occur (F ig , 391»)• ïb e  columnar c e l l s  found in  th e  
f i r s t  p a r t  o f th e  in te s t in e  a ls o  occur in  t h i s  re g io n  b u t here  
th ey  co n ta in  vacuo les d i s t a l l y  which s ta in  orange in  M allo ry 's  
s t a i n .  In  a d d itio n  th e  c e l l s  o f te n  have a sw ollen  t i p .  In  
some s e c tio n s  t h i s  type  i s  alm ost com pletely  re p la c e d  by a 
s im ila r  one which d i f f e r s  on].y in  degree in  th a t  i t  i s  packed 
w ith  vacuo les and i s  very  sw o llen . The nucleus i s  very  g ran­
u la r  w ith  a  la rg e  n u c le o lu s .
A th i r d  c e l l  type  was encountered  o c c a s io n a lly , u s u a lly  in  
g roups. In  iro n  haem atoxylin  i t  shows a  very  h e a v ily  s ta in e d  
cytoplasm  and dark  g ran u le s  a re  sometimes p i'es en t  d i s t a l l y .  %.e 
n uc leus does n o t tak e  up th e  s t a i n , ( F ig .  3 9 c ).
Ihe  c e l l  ty p es  found in  t h i s  re g io n  would seem to  in d ic a te  
a  h ig h  degree o f s e c re t io n .  I h i s  co n d itio n  i s  a ls o  found in  
th e  n ex t p a r t  o f th e  in t e s t in e  which i s  w ider and r a th e r  fo ld ed . 
Ihe  e x te n t o f s e c re t io n  v a r ie s  from s e c tio n  to  s e c tio n  b u t th e  
b a s ic  columnar c e l l  i s  s t i l l  predom inant w ith  or w ithou t v acu o les . 
The very  h e a v ily  v acu o la ted  c e l l s  u s u a lly  occur in  g roups. A 
new c e l l  type i s  found in  t h i s  re g io n , be ing  rounded or c la v i -  
form in  shape w ith  c le a r  cytoplasm  and a  s tro n g ly  eo s in o p h il 
n u c leu s . C i l ia  a re  ab sen t (F ig . 39&)«
Towards th e  r e a r  o f  th e  in t e s t in e  v acu o la ted  c e l l s  become 
l e s s  common and s e c re to ry  g ran u le s  a re  a b se n t. The c e l l s  g rad ­
u a l ly  become s h o r te r  tow ards th e  rectum  which i s  c h a ra c te r is e d
FIG. 39 co n t.
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c . TS Fore in t e s t in e  to  show h e a v ily  
s ta in in g  g ra n u la r  c e l l s
35 Jim
00
d. TS M id -in te s tin e
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by th e  p resence  o f a  c u t i c l e .  G landular c e l l s  a re  common and 
th e  t r a c t  i s  c i l i a t e d .
The fu n c tio n  o f  th e  v a rio u s  p a r t s  o f th e  gu t can be i n t e r ­
p re te d  from t h i s  h i s to lo g ic a l  ev idence . The p resence  o f a  la rg e  
number o f mucous c e l l s  in  th e  oesophagus would suggest a  t r a n s ­
p o r t  fu n c tio n  fo r  t h i s  re g io n . D ig estio n  would seem to  beg in  
in  th e  i n te s t in e  a s  s e c re to ry  c e l l s  occur in  th e  la r g e s t  numbers 
in  th e  f o r e - i n t e s t i n e .  The p resence  o f a  b rush  border in  th e  
l a t t e r  p o r tio n s  o f th e  in te s t in e  would in d ic a te  a b so rp tio n .
The v a r ia t io n s  in  le v e l  o f  s e c re t io n  may be r e la te d  to  th e  
tim ing  o f th e  l a s t :  food in ta k e  and th e  passage o f t h i s  m a te r ia l 
th rough  th e  gu t (Marsden 1963a ) .  The c i l i a t e d  v e n tra l  furrow  
alm ost c e r ta in ly  has a  t r a n s p o r t  fu n c tio n . D ales (1955) p o s t­
u la te s  th a t  in  t e r e b e l l id s  i t  s e rv es  to  rap id ly .rem ove  in d ig ­
e s t i b l e  m a te r ia l  from th e  re g io n  o f  a b so rp tio n . The v e n tra l  
furrow  a t  th e  extrem e end o f th e  g u t i s  b e lie v ed  to  be r e la te d  
to  th e  i n t e s t i n a l  siphon and h e re  th e  c i l i a  c o n tro l th e  flow o f • 
w ater r a th e r  th an  s o l id  p a r t i c l e s .
ï^om t h i s  s tudy  i t  can be concluded th a t  d ig e s t iv e  enzymes a re  
l i k e ly  to  be found in  th e  f o r e - in te s t in e  and t h i s  in fo rm ation  
was used  in  a n a ly s in g  th e  enzymes a s  d e sc rib ed  in  th e  fo llow ing  
s e c t io n .
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4 .1 .2  The p resence  o f  d ig e s t iv e  enzymes.
4 .1 .2 .1  Methods.
Twenty f iv e  la rg e  specimens were used  in  th e se  a n a ly se s .
These had been k ep t in  mud under c i r c u la t io n  up to  th e  tim e o f 
ex p erim en ta tion  to  ensure  a  h ig h  le v e l  o f  d ig e s t iv e  enzymes 
(Marsden 1963b ) .  Each worm was a n a e s th e tis e d  by th e  dropwise 
a d d it io n  o f 70 % a lc o h o l to  th e  seaw ater and th e  in te s t in e  was 
removed by d is s e c t io n .  I t  was im m ediately t r a n s fe r r e d  to  c h i l le d  
seaw ater and th e  approxim ate wet w eight o f a l l  th e  in te s t in e s  
m easured. The m a te r ia l  was th en  ground in  a  t i s s u e  homogeniser 
w ith  about 1 ml seaw ater ( approx im ately  10 % w /v)*. Because o f 
th e  sm all q u a n t i t ie s  invo lved  th e  e x tr a c t  was n o t p u r i f i e d .  A 
few drops o f th e  e x tr a c t  were used  in  th e  fo llow ing  enzyme t e s t s .  
Each t e s t  was re p e a te d  once and c o n tro ls  s e t  up w ith  b o ile d  e x tra c t ,
•4 a m y la se .,
F ive drops o f e x t r a c t  were added to  1 ml o f s ta r c h  s o lu tio n  
in  a  t e s t  tube  and in cu b ated  a t  23°C. A drop o f th e  s o lu tio n  
was te s t e d  fo r  th e  p resence  o f  s ta r c h  w ith  io d in e  tw ice d a i ly .
In v e r ta s e .
F ive  drops o f e x tr a c t  were added to  1 ml o f sucrose  so lu tio n  
and in cu b ated  a t  23°C. F ive  drops were removed tw ice d a ily  
and te s t e d  w ith  F e h l in g 's  s o lu t io n  fo r  th e  p resence  o f reducing  
su g a rs .
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L ip ase ,
One ml o f  o liv e  o i l  was mixed thorough ly  w ith  f iv e  drops 
o f  sodium ta u ro g ly c o ch o la te  and an equal volume o f d i s t i l l e d  
w ater added. F ive drops o f phenol re d  were added w ith  enough 
O.O3N sodium carbonate  to  tu rn  th e  s o lu tio n  p in k . F ive drops 
o f e x t r a c t  were added to  t h i s  s o lu tio n  and th e  tube incubated  
a t  23°C. The co lou r o f th e  s o lu t io n  was examined tw ice  d a i ly .
P ro te a se .
F ive drops o f e x t r a c t  were p laced  in  a  watch g la s s  and a 
few g ra in s  o f  s ta in e d  f i b r in  added. The watch g la s s  was cov­
ered  and in cu b ated  a t  23°C and in sp e c te d  tw ice  d a ily  fo r  s ig n s  
o f change.
C e l lu la s e .
Two methods were used  to  t e s t  fo r  th e  p resence  o f t h i s  enzyme, 
C e llu la se  h y d ro ly ses  c e l lu lo s e  to  g lucose which i s  a  reducing  
su g a r . F ive drops o f e x t r a c t  were added to  a  s o lu t io n  o f sodium 
carboxym ethy lce llu lo se  and in cu b ated  a t  23°C, A few drops were y 
removed tw ice d a i ly  and te s te d  w ith  F eh ling*s s o lu t io n s .
B a c te r ia  do n o t hydro lyse  c e l lu lo s e  to  g lucose  b u t in s te a d  
b reak  i t  down to  methane and hydrogen w ith  s e v e ra l  o rgan ic  a c id s . 
The p resence  o f sy m b io tic a lly  produced c e l lu la s e s  was te s te d  fo r  
by in c u b a tin g  f iv e  drops o f th e  e x tr a c t  w ith  sodium carboxym ethyl­
c e l lu lo s e  to  which phenol re d  and sodium carbonate  had been added 
a s  fo r  th e  l ip a s e  t e s t .  The s o lu t io n  was examined fo r  s ig n s  o f 
a  co lou r change in d ic a t in g  in c re a se d  a c t i v i t y  tw ice d a i ly .
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The pH o f  th e  e x tr a c t  was measured u s in g  commercial pH 
p a p e rs .
4 .1 .2 .2  R e s u lts .
Amylase, in v e r ta s e ,  p ro te a se  and l ip a s e  were a l l  p o s i t iv e ly  
i d e n t i f i e d  in  th e  e x t r a c t .  The r e s u l t s  o f  th e  t e s t s  a re  shown 
in  Table 23. C e llu la se  a c t i v i t y  was n o t d e tec te d  in  e i th e r  o f 
th e  t e s t s  and i t  i s  assumed th a t  t h i s  enzyme i s  n o t a v a ila b le  
to  C .c a n i ta ta . The r e s u l t s  o f th e  c o n tro l experim ents were a l l  
n e g a tiv e .
The pH o f th e  e x t r a c t  was ? .G . Tbis i s  o f q u estio n ab le  
r e l i a b i l i t y  however a s  th e  e x tr a c t  had no t been p u r i f ie d .
4 .2  The e f f e c t  o f e x te rn a l f a c to r s  on th e  growth and s u rv iv a l 
o f l a r v a l  and a d u lt  C .c a p i t a ta .
4 .2 .1  Temperature to le ra n c e  le v e l s  in  C .c a p ita t a .
4 .2 .1 .1  Methods.
Worms were c o lle c te d  from Warren P o in t and kep t in  a r t i f i c i a l  
seaw ater ( I n s ta n t  Ocean) a t  10°G fo r  te n  days b e fo re  th e  exper­
im en ts .
Ten a d u lt  worms were used  in  each experim ent. The worms were 
p laced  in  a  beaker o f a r t i f i c i a l  seaw ater and h ea ted  in  a  w ater 
b a th  a t  a  r a t e  o f 1°C every f iv e  m inu tes. Above 28°C the  beakers 
were removed a t  1°C in te r v a ls  and th e  w ater allow ed to  r e tu r n  to
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TABLE 23 . D ig estiv e  enzymes in  C .c a p i ta ta .
Enzyme R e su lts  o f t e s t Time taken  fo r, p o s i t iv e  
r e s u l t
Amylase Brown co lou r w ith  io d in e  in d ­
ic a t in g  absence o f s ta r c b .
48 hours
In v e rta se Red p r e c ip i t a t e  in d ic a t in g  
p resence  o f red ucing  sugars
42 hours
L ipase Pink 4 yellow  co lou r change 
in d ic a t in g  in c re a se d  a c id i ty
24 hours
E ro tease Rounded edges to  f i b r in  p a r t ­
i c l e s
18 hours
C e llu la se No p r e c ip i ta te  w ith  F e h lin g 's  
No co lo u r change w ith  phenol ■ 
re d
—
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room tem peratu re  ( 19°C ). Tbe a c t i v i t y  o f th e  worms was te s te d  
by prodding  w ith  a  b lu n t seeker and th e  p e rcen tage  a l iv e  a f t e r  
24 hours was c a lc u la te d . Each experim ent was re p e a te d  once. A 
c o n tro l experim ent was m ain ta ined  a t  10°C.
L arva l C .c a p i ta ta  were removed from th e  m aternal tube and 
te s t e d  a s  above. The c r i t e r io n  fo r  d eath  was taken  a s  th e  ces­
s a t io n  o f a l l  c i l i a r y  movement in  th e  la rv a e  when observed under 
th e  m icroscope.
Tolerance o f low tem peratu re  co n d itio n s  was 'in v e s t ig a te d  in  
a  s im ila r  manner. Worms were p laced  in  beakers o f seaw ater and 
p laced  in  an in c u b a to r a t  4°C. Worms were removed from th e  incub=* 
a t  o r when they  had reach ed  t h i s  tem perature  and th e  percen tage  
s u rv iv a l  value a f t e r  24 hours c a lc u la te d  a s  fo r  th e  h ig h e r temp­
e r a tu r e s .  Ttie tem p era tu re  o f th e  in cu b a to r was then  low ered a t  a 
r a t e  o f 1°C every  te n  m inutes and worms removed a t  1°C and -1°C .
4 .2 . 1 .2  R e s u lts .
The percen tag e  m o r ta l i ty  o f a d u lt  and l a r v a l  worms i s  shown 
in  Table 26 . A ll th e  worms showed in c re a se d  a c t i v i t y  w ith  in c ­
re a s in g  tem p era tu re . At 3^ -  32°C ,the  worms developed le s io n s  
a long  th e i r  le n g th  which sometimes r e s u l te d  in  th e  lo s s  o f a 
la rg e  q u a n tity  o f coelom ic f l u i d .  D espite  t h i s  most worms were 
s t i l l  moving a t  33°C a lthough  a c t i v i t y  d id  decrease  a t  34°C.
A fte r 24 hou rs , however, th e se  worms were a l l  dead and th e  ru p tu re  
o f  th e  body w a ll was taken  to  s ig n ify  death  a s  no worm su rv ived  
t h i s . /
213
TABLE 26 . The % m o r ta l i ty  o f a d u lt  and la r v a l  C .c a p ita ta  su b jec ted  
to  h ig h  te m p e ra tu res .
Temperature 
(°G) "
% m o r ta l i ty  o f a d u lts  
1s t  t r i a l  2nd t r i a l
% m o r ta li ty  o f la rv a e  : 
1s t  t r i a l  2nd t r i a l  .
28 0 0 0 0
29 0 0 0 0 ;
30 0 10 0 0
31 10 20 0 0
32 90 80 80 100
.33 100 100 100 100
54 100 100 100 100 :
c o n tro l  ( 1.0 ) 0 . . , ,  0 10 0 :
TABLE 27 . The % m o r ta l i ty  o f a d u lt and la r v a l  C .c a p i ta ta  over a 
narrow range o f h igh  te m p e ra tu res .
Temperature
(°c )
% m o r ta l i ty  o f a d u lts  
1s t  t r i a l  2nd t r i a l
% m o r ta l i ty  o f la rv a e  ; 
1s t  t r i a l  2nd t r i a l  ;
3 0 .0 0 0 0 : 0
3 0 .3 0 20 0 0
3 1 .0 30 20 0 0
3 1 .3 30 30 20 30
3 2 .0 80 '9 0 90 100
3 2 .3 80 100 90 100
3 3 .0 80 100 100 100
3 3 .3  . 100 100 100 100
3 4 .0 100 100 100 100
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To an a ly se  th e  l e t h a l  tem peratu re  more p re c is e ly  th e  exper­
im ent was re p e a te d  over th e  30 -  34°C range w ith  1°C in c re a se s  
every  f iv e  m inu tes. The r e s u l t s  a re  g iven  in  Table 27.
The upper l e t h a l  tem peratu re  was taken  a s  th a t  a t  which
30 % m o r ta l i ty  o ccu rred . For a d u lt  worms i t  i s  3 1 #3°0  and fo r  
l a r v a l  C. c a p i ta ta  som ething s l i g h t ly  above t h i s .  The la rv a e  
d i f f e r  from th e  a d u l ts  in  th e  r e s t r i c t e d  range o f l e t h a l  temp­
e r a tu r e s .  This p robab ly  r e f l e c t s  th e  s im i la r i ty  between th e  
an im als, which were a l l  from th e  same brood. The a d u l ts ,  on th e  
o th e r hand, were o f d i f f e r e n t  sexes and o f d i f f e r e n t  s iz e s .  A 
c lo s e r  in t e r p r e ta t in n  o f th e  r e s u l t s  showed th a t  fem ales co n t­
a in in g  r ip e  oocy tes succumbed a t  a  lower tem peratu re  th an  o th e r 
worms. I n s u f f i c ie n t  numbers p rev en ted  a  c lo se r  exam ination o f 
t h i s  f e a tu re .
Both a d u l ts  and la rv a e  were very  to le r a n t  o f low tem p era tu res , 
th e  r e s u l t s  o f th e  experim ents be in g  given in  Table 28 .
These experim ents in d ic a te  th a t  l a r v a l  C .c a p i ta ta  a re  more
to le r a n t  o f tem peratu re  extrem es th an  th e  a d u l t s .  P rev ious workers 
( e .g .  George 1964b and Kinne 1970) have reco rd ed  s im ila r  r e s u l t s .  
The p h y s io lo g ic a l b a s is  o f  t h i s  in c re a se d  r e s is ta n c e  i s  n o t c le a r ly  
understood  b u t th e re  a re  obvious advantages in  producing  an ad­
a p ta b le  l a r v a l  s tag e  s in ce  the  sp ec ie s  i s  a t  i t s  most v u ln erab le  
during  th e  p e rio d  o f d is p e r s a l .
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TABLE 28 , The % m o r ta l i ty  o f a d u lt  and la r v a l  C .c a p i ta ta  su b jec te d  
to  extreme low tem p e ra tu res .
Temperature (°G) '% m o r ta l i ty  o f  a d u lts  
1s t  t r i a l  2nd t r i a l
°A m o r ta l i ty  o f la rv a e  
1s t - t r i a l . 2nd t r i a l
4 0 0 0 0
1 20 30 10 20
-1 30 60 30 4o
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4.2o2 The e f f e c t  o f tem peratu re  on th e  growth o f l a r v a l  
' C .c a n i ta ta .
4 .2 .2 .1  Methods.
I t  was n o t p o s s ib le  to  induce spawning in  th e  la b o ra to ry . 
V arious e x te rn a l  s t im u li  a re  known to  b rin g  abou t th e  o nset o f 
spawning behaviour in  c e r ta in  p o ly ch ae tes  b u t th e se  had no 
e f f e c t  on C .c a p i t a t a , p o s s ib ly  because in te r n a l  f e r t i l i s a t i o n  
makes synchron ised  spawning unnecessary .
Because o f t h i s  i n a b i l i t y  to  induce spawning, and a  s im ila r  
f a i lu r e  to  r a i s e  la rv a e  from a r t i f i c i a l  f e r t i l i s a t i o n s  i t  was no t 
p o s s ib le  to  determ ine p re c is e ly  th e  age o f la rv a e  used  in  th e se  
experim ents, nor to  fo llow  th e  complete development th rough .
In s te a d , l a r v a l  C .c a p i ta ta  were removed from th e  tube o f a 
fem ale worm c o l le c te d  from Warren P o in t which had re c e n t ly  spawned, 
About 200 la rv a e  were used  in  each experim ent. The la rv a e  were 
p ip e t te d  in to  c lean  d ish es  co n ta in in g  a e ra te d  f i l t e r e d  seaw ater 
a t  10°C. The d ish es  were kep t in  th e  dark a t  10, 15 and 20°C 
and th e  le n g th  o f  te n  randomly s e le c te d  la rv a e  measured u sin g  
a  c a l ib ra te d  eyepiece a t  r e g u la r  in te r v a l s .  The la rv a e  were 
n o t re tu rn e d  to  th e  experim en tal v e s s e l  a f t e r  m easuring. Each 
t r i a l  was re p e a te d  once.
4 .2 .2 .2  R e s u lts .
The mean le n g th s  o f th e  la rv a e  a t  d i f f é r e n t  tem peratu res a re  
shown in  F ig . 40. The u n tre a te d  d a ta  a re  p re sen te d  in  Appendix 5*
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With th e  ex cep tio n  o f th e  second t r i a l  a t  10°C a l l  th e  la rv a e  
were from th e  same worm. By e x tra p o la t io n  from F ig . 40 i t  i s  
e s tim ated  th a t  th e  la rv a e  were between fo u r and f iv e  days o ld  a t  
th e  s t a r t  o f th e  experim ent, assum ing th a t  th e  eggs a re  about 
93 / ^  in  d iam eter when f e r t i l i s e d  and th a t  th e  grow th r a t e  i s  
c o n s ta n t. The la rv a e  used  fo r  th e  second 10°C t r i a l  were taken  
from a  d i f f e r e n t  fem ale and t h e i r  sm a lle r s iz e  su g g es ts  th a t  they  
were about one day younger th an  th e  o th e r la rv a e .
Hie r e s u l t s  show th a t  th e  optimum tem peratu re  fo r  growth i s  
in  th e  re g io n  o f 1^°C. Below t h i s  tem peratu re  growth was slow er 
and a t  20°C th e  r a t e  o f growth approxim ated th a t  a t  10°C. At 
t h i s  h ig h e r .te m p e ra tu re , however, growth was more e r r a t i c  and 
th e re  was a  h ig h e r m o r ta l i ty  r a t e .  A fte r  te n  days no la rv a e  were 
l e f t  a l iv e .  The l a r v a l  s u rv iv a l  i s  p o s s ib ly  r e l a t e d  to  th e  
p resence  o f c i l i a t e s  in  th e  ex p erim en ta l medium which reached  
very  h ig h  numbers in  th e  20°C experim en ts , a lthough  Skesson 
( 1967) b e lie v e s  th a t  a  c i l i a t e  c u ltu re  may have advantages in  
th e  r e a r in g  o f  p o ly ch ae te s  a s  th e  p ro tozoans k i l l  and d ig e s t  
s u b v i ta l  la rv a e , b a c te r ia  and w aste p ro d u c ts  in  th e  c u ltu re  
v e s s e ls .  In  any even t l a r v a l  C .c a p i ta ta  Can*.,certainly to le r a t e  
tem pera tu res above 20°G and m o r ta l i ty  cannot be due to  th i s  
f a c to r  a lo n e .
A com plete tem peratu re  re c o rd  o f  th e  s u b s tr a te  a t  Warren P o in t 
was n o t made b u t monthly re a d in g s  coupled w ith  d a ta  on th e  sea  
tem peratu re  in  Plymouth Sound (Cooper 1958, Southward and B u tle r
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1972) in d ic a te  a  range from about 4°C to  16°C. Larvae a re  p ro ­
duced throughout th e  y ear a t  Warren P o in t and i t  must be conclu­
ded th a t  development proceeds a t  a  somewhat slow er r a t e  in  th e  
w in te r months.
At th e  end o f th e  experim ent th e  la rv a e  a t  10, 1^ and 20°C 
were about 20, 12 and l4  days o ld  r e s p e c t iv e ly .  U n fo rtu n a te ly  
a  breakdown in  th e  15°C tem peratu re  c o n tro l u n i t  p reven ted  th e  
c o n tin u a tio n  o f t h i s  experim ent. T ests  a t  th e  o th e r temp­
e ra tu re s  were te rm in a ted  when th e  l a r v a l  m o r ta l i ty  became too  
h ig h  fo r  sampling^ to  be c a r r ie d  o u t.
0 . c a p i ta ta  i s  known to  spend te n  to  tw elve days in  the 
m aternal tube and th e  e a r ly  s ta g e s  o f t h i s  experim ent cover t h i s  
s tag e  o f  developm ent. A ty p ic a l  trochophore  i s  shown in  F ig , 4 l .  
As d iscu ssed  p re v io u s ly  ( s e c tio n  th e  le n g th  o f p lan k -
to n ic  ex is ten c e  i s  v a r ia b le  and trochophores removed from the  
p a re n ta l  tube w i l l  show swimming behav iour a lth o u g h  only th re e  
or fo u r■days o ld . In  th e se  ex p erim en ts , fo r  example, th e  la rv a e  
were c o n s ta n tly  moving about under c i l i a r y  a c t io n  fo r  s e v e ra l 
days. With in c re a s in g  s iz e ,  however, th e  la rv a e  become more 
m uscular, su b je c t to  v io le n t  c o n tra c tio n  and a re  benthonic  in  
t h e i r  behaviour (see  F ig . 4 2 .) .  This s tag e  was reached  in  th e  . 
worms k ep t a t  10°G a f t e r  seven teen  days. The c i l i a  g rad u a lly  
r e g re s s  and th e  young metamorphosed worms adopt a  craw ling  method 
o f locom otion u t i l i s i n g  th e  s e ta e  (F ig . 4 3 ). I n s u f f i c ie n t  numbers 
p rev en ted  the  measurement o f  th e  growth r a t e  o f th e se  la rg e r
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FIG. 4 l o G a p ite l la  c a p i t a t a . Plym outh. Photom icrograph o f  a 
trochophore l a r v a .  Scale  r e p re s e n ts  20 um.
FIGo 42o C a p i te l la  c a p i t a t a , Plym outh. Photom icrograph o f  a  
14 day la r v a .  S c a le  r e p re s e n ts  50  jim.
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FIGo 43o C ap ite lla  c a p ita ta , Plyraoutho Photomicrograph of a
recen tly  metamorphosed worm. Scale rep resen ts  142 jim,
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la rv a e  b u t a f t e r  th e  te rm in a tio n  o f th e  experim ent th e
t e s t  worms con tinued  to  grow and metamorphosed in  20 days a t  
15 -  4°C. Hie a b i l i t y  o f th e  la rv ae , to  metamorphose under th e  
experim en tal co n d itio n s  in d ic a te s  th a t  th e se  were no t too  ab­
normal and a  f a i r  le v e l  o f confidence can be p laced  in  th e  r e s ­
u l t s  o b ta in ed . Hie young worms were fed  e i th e r  on d rie d  
Enteromorpha or Tetram in, a  commercial f i s h  food, whose use  was 
suggested  by G uerin (1970).
4 . 2 .3  S a l in i ty  to le ra n c e  in  C .c a p i t a ta .
C .c a p i ta ta  i s  known to  occur under a  wide v a r ie ty  o f s a l i n i t i e s  
ran g in g  from 0 .4 ° /o o  to  35^/oo (see  s e c tio n s  1 and 3*3«1*5)' H iis  
does n o t imply th a t  in d iv id u a l worms a re  eu ry h a lin e , however, 
and th e  e f f e c t  o f marked s a l i n i t y  changes on worms c o lle c te d  from 
Warren P o in t was in v e s t ig a te d  to  d isco v er the  e f f e c t  o f t h i s  
f a c to r  on th e  d i s t r ib u t io n  o f th e  sp e c ie s .
4 . 2 . 3 .1  Methods.
A dult worms c o lle c te d  from Warren P o in t ( s a l i n i t y  27 .8 ° /o o  
see s e c tio n  3*3 .1 -3 ) were used  in  th e se  experim en ts. Worms 
were s e le c te d  a t  random, a lthough  incom plete or damaged specimens 
were r e je c te d .  Twenty worms, in  fo u r groups o f f iv e ,  were te s te d  
a t  each s a l i n i t y .  The la rv a e  used  in  th e se  t e s t s  were a l l  taken  
from th e  same tu b e . They were approxim ately  f iv e  days o ld  a t  
th e  s t a r t  o f th e  experim ent.I '
V arious d i lu t io n s  o f seaw ater were made up by adding d i s t -
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i l l e d  w ater to  f i l t e r e d  a r t i f i c i a l  seaw ater (33° /o o ) to  which 
th e  worms had been acc lim ated  fo r  one week. The s a l i n i t i e s  th u s  . 
o b ta in ed  were measured by t i t r a t i o n  a g a in s t  s i l v e r  n i t r a t e  w ith  
potassium  chromate  as  th e  in d ic a to r .
F ive worms were p laced  in  d ish es  co n ta in in g  300  ml o f sea ­
w ater a t  th e  re q u ire d  d i lu t io n .  The d ish es  were k ep t in  the  dark 
a t  13°0 and th e  seaw ater was a e ra te d . I t  was changed d a i ly .
The worms were examined a t  r e g u la r  in te r v a ls  and th e i r  a c t i v i t y  
te s t e d  by prodding  w ith  a  b lu n t s ee k e r. Any worm no t responding  
to  touch was t r a n s f e r r e d  to  a  d ish  o f  c lean  seaw ater a t  33° /o o . 
Worms s t i l l  n o t respond ing  a f t e r  24 hours were assumed to  be 
dead. The experim ent was re p e a te d  th re e  tim es a t  each s a l i n i t y .
A s im ila r  s e t  o f d ish es  was s e t  up to  a s se s s  the  e f f e c t  o f a 
sh o r t  exposure to  a  low ered s a l i n i t y .  A fte r given p e rio d s  o f tim e 
th e  worms were removed from th e  experim en tal v e s s e l  and re tu rn e d  to  
seaw ater a t  33°/oo* The percen tag e  m o r ta li ty  a f t e r  24 hours was 
c a lc u la te d . This experim ent was re p e a te d .
Teh la rv a e  were te s te d  a t  each s a l i n i t y .  These were removed 
from th e  m aternal tube w ith  a  sy rin g e  and p laced  in  a  s o l id  
watch g la s s ,  which was then  f i l l e d  w ith  seaw ater a t  th e  concent­
r a t io n  under t e s t .  The d ish es  were covered and kep t in  the  
dark  a t  The seaw ater was changed d a i ly .  The percen tage
m o r ta l i ty  a f t e r  g iven  tim e in te r v a l s  was c a lc u la te d . Where a l l  
th e  la rv a e  d ied  suddenly and a  b a c te r i a l  in f e c t io n  was suspec ted  
th e  r e s u l t s  were d isca rd ed  and th e  t e s t  re p e a te d . Two t r i a l s
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were c a r r ie d  ou t a t  each s a l in i ty *
The e f f e c t  o f  a  s h o r t  exposure to  d i f f e r e n t  s a l i n i t i e s  was 
in v e s t ig a te d  fo r  a  few s e le c te d  s a l i n i t i e s . .  The la rv a e  were 
t r e a te d  as  above and a f t e r  g iven  p e rio d s  o f tim e th e  t e s t  s o l ­
u t io n  was drawn out o f th e  d ish  w ith  a  sy rin g e  and re p la c e d  
w ith  w ater a t  33°/oo  a t  th e  same tem perature* The m o r ta l i ty  
a f t e r  24 hours was c a lc u la te d  a s  a  p e rc en ta g e .
4 . 2 . 3 .2  R e s u l t s .
The r e s u l t s  show th a t  a d u lt  C.c a p i t a t a  a re  to le r a n t  o f 
reduced  s a l i n i t i e s  down to  about 20°/oo (T able  2 9 ). Below 
th i s  v a lu e  th e  worms a re  capab le  o f  su rv iv in g  fo r  a  few days 
b u t d eath  occu rred  a f t e r  fo u r days exposure to  w ater a t  
17°/oo S ,  A lthough th e  s a l i n i t y  o f th e  ’ i n t e r s t i t i a l  w ater 
a t  W arren P o in t was 27.8*Voo th e  worms were r e a d i ly  acc lim ated  
to  seaw ater a t  3 3 ° /o o .
Exrtensive t e s t s  on th e  l a r v a l  C . c a p i t a t a  showed th a t  thgy 
were more to le r a n t  o f reduced  s a l i n i t i e s  th an  th e  a d u lt  
worms, l iv in g  fo r  about a  week a t  1 3 .5 ° /o o  S .  Below a  s a l i n i t y  
o f  ^Q^/00 death  occurred  w ith in  24 hours (T ab le  3 0 ) . T e s ts  on 
th e  e f f e c t  o f s h o r t  exposure to  reduced  s a l i n i t i e s  in  a  c r i t i c a l  
range o f d i lu t io n s  showed th a t  below about 13 .5 °/o o  S death  
occu rred  w ith in  an hour (T ab le  31) .  A dult worms were more _ 
to le r a n t  o f sh o r t  p e r io d s  o f  exposure (T ab le  32) a  f a c t  which may 
be r e l a t e d  to  t h e i r  l a r g e r  s i z e .  N e v e rth e le ss  30 m inutes exp­
osure  to  1°/oo  S r e s u l te d  in  10Cj m o r ta l i ty .
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TABLE 29o The p e rcen tag e  .m o rta lity  o f  a d u lt  C .c a p i t a t a  under 
c o n d itio n s  o f reduced  s a l i n i t y .
S a l i n i t y  (° /o o )
0 ■
Time (days) 
1 2 3 h
1 0 100
0 100
- 0 100
0 100
5 .5 0 80r. 80 100
0.. 100
0 80 100
0 8o 100
17 0 O' 0 60 100
0 0 ho 8o 100
0 0 ho 100
0 0 6o 100
33 0 0 0 0 0
0 0 0 0 0
0 0 0 • 0 0
0 20 20 20 20
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TABLE 31. The % m o r ta l i ty  o f l a r v a l  C.c a p i t a t a  su b jec te d  to  
sh o r t  p e rio d s  o f exposure to  reduced  s a l i n i t i e s .
S a l in i t y  (° /o o )
8.3
11 .0
13.3
13.3
0
0
0
Exposure tim e (mips)
30  60 Bo 93 I 113 133
70
40
0
100
100
0
0
0
0 0
0 a
0
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One can conclude from th e se  r e s u l t s  th a t  th e  W arren P o in t 
p o p u la tio n  o f  C .c a p i t a t a  i s  capable  o f  w ith s tan d in g  any re d u c tio n  
in  s a l i n i t y  t h a t  i t  i s  l i k e ly  to  encounter under normal c o n d it­
io n s  b u t th a t  i t  i s  in to le r a n t  o f extreme re d u c tio n s  in  s a l i n i t y .  
The h ig h e r degree o f to le ra n c e  shown by th e  la rv a e  p a r a l l e l s  th e  
resp o n se  shown to  extrem es o f tem peratu re  and i s  p robab ly  an 
im portan t f a c to r  in  th e  su rv iv a l o f th e  s p e c ie s .  O ther a u th o rs  
have o b ta in s  .1 s im ila r  r e s u l t s  n o tab ly  L y s te r  ( 1963) who worked 
on Notom astus sp . The e f f e c t  o f  s a l i n i t y  in  c o n tro l l in g  th e  
d i s t r ib u t io n  o f  th e  sp e c ie s  is 'd i s c u s s e d  fu r th e r  in  s e c t io n  3 .
4 .2 .4  The a c u te  t o x ic i ty  o f in o rg an ic  mercury to  a d u lt  
C. c a p i t a t a .
Because o f  th e  w idespread  accep tance  o f C .c a p i t a t a  a s  an  
in d ic a to r  o f p o l lu te d  c o n d itio n s  th e  fo llow ing  t e s t s  were 
c a r r ie d  ou t to  a s s e s s  th e  e f f e c t  o f a  heavy m etal on th e  s p e c ie s .  
The experim ent p a r a l l e l l e d  th a t  o f Brown and A hsanullah  (1971) 
on O phryotrocha la b ro n ic a  and i t  was hoped to  compare th e  r e s ­
ponse o f  th e  two p o ly ch ae te s  to  s im ila r  c o n c e n tra tio n s  o f  to x ­
i c a n t .  -
4 .2 .4 .1  M ethods.
Worms were c o l le c te d  from W arren P o in t and experim ents 
c a r r ie d  ou t upon r e tu r n  to  th e  la b o ra to ry  in  London.
A s o lu t io n  o f m ercuric  c h lo r id e  was made up in  seaw ater 
to  g ive  a  0 .1  M s to ck  s o lu t io n .  D ilu t io n s  were made from t h i s  
to  g iv e  s o lu tio n s  o f mercury in  seaw ater o f  3 0 , 10, 3 , and 1 ppm.
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These were made up u s in g  f r e s h ly  p rep a red  s to c k , as  m ercuric 
c h lo r id e  i s  known to  be ui.\stable in  seaw ater (C orner and R ig le r  ' 
1937) •  A s o lu t io n  o f sodium c h lo r id e  c o n ta in in g  th e  same con­
c e n tr a t io n  o f sodium as  mercury in  th e  t e s t  s o lu t io n  was made- 
up a s  a  c o n tro l .  A ll  experim ents were c a r r ie d  ou t a t  10°C.
The w ater was changed once fo r  th e  low est c o n c e n tra tio n .
Ten a d u l t  worms were used  in  each t e s t ,  two o f  which were 
c a r r ie d  ou t a t  each c o n c e n tra tio n . The •^:orms were examined a t  
r e g u la r  in te r v a ls  and any changes reco rd ed - Worms n o t respond­
in g  to  touch  were t r a n s f e r r e d  to  c lean  seaw ater and t h e i r  m ort­
a l i t y  a f t e r  24 hours n o te d . Cumula\iv e  curves o f th e  pe rcen tag e  
m o r ta l i ty  a g a in s t  tim e were p lo t te d  and th e  tim e taken  fo r  30  % 
m o r ta l i ty  to  occur (L ly^) was e s tim a te d .
4 .2 .4 .2  R e s u l ts ."  ' " ",
The e f f e c t  o f exposure to  v a r io u s  co n ce n tra tio n s  o f mercury 
i s  g iven  in  Table 33#
From th e  graph o f m o r ta l i ty  a g a in s t  tiuie (F ig . 44) i t  can 
be seen  th a t  th e  tim e tak en  t i l l  30  % m o r ta li ty  in c re a s e s  w ith  
d ec rea s in g  mercury c o n c e n tra tio n . The liD^^s a re  I .0 8  -  1 .20h 
f o r  30  ppm, 6 .3 0  -  7 #00h fo r  10 ppm, 8 l 20 -  8 .4 0 h .'fo r 3 ppm . 
and 3 Ô -  37h fo r  1 ppm.
O bserva tions made du rin g  th e  exp>eriment i l l u s t r a t e  th e  
extrem e to x ic i ty  o f  30 ppm m ercury. The worms became immobile
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w ith in  m inutes o f c o n ta c t w ith  th e  s o lu t io n  and a lthough  no ob­
v io u s  damage could  be d e te c te d  worms f a i l e d  to  reco v er a f t e r  
about 1h exposui'e. Worms k ep t in  3 and 10 ppm mercury behaved 
s im ila r ly  and a lth o u g h  th e  i s  s h o r te r  a t *'10 ppm th e re  was
a  wide range o f resp o n se  tim es in  b o th  c o n c e n tra tio n s . Worms in  
th e se  s o lu t io n s  showed a  d e f in i te  p re -d e a th  s t a t e .  Ttiis was 
c h a ra c te r is e d  by th e  p ro d u c tio n  o f copious amounts o f mucus 
fo llow ed  by le s io n s  a lo n g  th e  body and a  lo s s  o f coelom ic f l u i d .  
ÎEhis was p a r t i c u l a r ly  n o tic e a b le  in  g rav id  fem ales which were 
a p p a re n tly  more v u ln e ra b le  than, o th e r  worms. A- s im ila r  phen­
omenon was n o ted  in  resp o n se  to  tem pera tu re  changes ( s e c t io n  
4 .2 .1 .2 ) .
Worms k ep t a t  1 pmm mercury showed no i l l - e f f e c t s  a f t e r  
n e a r ly  two days o f exposure . M o r ta l i t ie s  occurred  during  a  
p e r io d  when th e  in te r v a l s  between re a d in g s  were h ig h  and any 
p re -d e a th  c h a r a c te r i s t i c s  cou ld  n o t be observed .
The r e la t io n s h ip  between th e  ID^gS and c o n ce n tra tio n  i s  
g iven  in  F ig . ^3*
These r e s u l t s  show th a t  C. c a p i ta ta  i s  v e ry  much more r e s i s t ­
a n t  to  in o rg a n ic  m ercury p o iso n in g  tlian  O .lab ro n ica  which 
showed an o f 30 h  in  0.01 ppm m ercury. In  0 .3  ppm mercury
30 % m o r ta l i ty  was reach ed  in  2h . ..However, O .lab ro n ica  was 
p a r t i c u l a r ly  s e n s i t iv e  to  mercury a s  opposed to  o th e r  heavy 
m e ta ls  and i t  i s  p o s s ib le  th a t  s p e c ia l  f a c to r s  a re  in vo lved  here ,
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The p ro c e sse s  o f  m ercrr’y to x ic i ty  a re  very  con^lex and Corner 
and Sparrow (1956) have shown th a t  r e s is ta n c e  to  o rgan ic  mer­
cury i s  much l e s s  th a n  to  the  in o rg a n ic  form in  th e  b r in e  sh rin p  
Artem ia s a l in a  a n d •i t  i s  p o s s ib le  th a t  C .c a n ita ta  may respond  
s im i la r ly .
N ev erth e le ss , in  s p i te  o f th e  d i f f i c u l t i e s  in  in te r p r e t in g  
th e se  r e s u l t s  i t  seems th a t  C. c a p i ta ta  may show a  p o te n t ia l  
fo r  to le r a t i n g  p o l lu t io n  from heavy m e ta ls . A more d e ta i le d  
d isc u ss io n  o f t h i s  problem  i s  g iven  below,
4 ,5  The r e la t io n s h ip  o f  C .c a p ita t a  to  c o n d itio n s  o f low oxygen 
c o n c e n tra tio n s .
This s tudy  was p a r t l y  c a r r ie d  ou t in  co n ju n ctio n  w ith  Dr. 
R.M.Go W ells who d ev ised  th e  method fo r  a n a ly s is  o f oxygen in  
b lood  sa trp les .
C ,c a p i ta ta  i s  o f te n  found in  environm ents where th e  oxygen 
le v e l  i s  very  low ( e .g .  C o g n e tti 1972). I t  was th e  purpose o f 
t h i s  s tu d y  to  g a in  an u n d e rs tan d in g  o f  th e  oxygen eq u ilib riu m  
c h a r a c te r i s t i c s  o f i t s  haem oglobin and to  r e l a t e  t h i s  to  th e  
mode of. 2 i f e .
4.3» 1 Methods.
Worms were c o l le c te d  from Warren P o in t and th e  b lood an a ly sed  
on th e  day o f  c o l le c t io n .
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. C » cap ita ta  does n o t p o ssess  a  b lood  v a sc u la r  system , b u t th e  
coelom co n ta in s  la rg e  numbers o f c e l l s  c o n ta in in g  haem oglobin. 
These were sampled by ru p tu r in g  th e  body w a ll o f  th e  worm and 
draw ing up th e  coelom ic f lu id  in to  a  m ic ro p ip e tte . I t  was no ted  
t h a t  th e  haem oglobin r a p id ly  denatu red  on c o n tac t w ith  a i r  so 
a n a ly se s  were alw ays made on f r e s h  b lo o d .
The b lood  was an a ly sed  fo r  combined oxygen u s in g  a  tech n iq u e  
based  on th e  p r in c ip le  t h a t  oxygen bound by haemoglobin i s  r e l ­
eased  in to  s o lu t io n  i f  a  b lood sample i s  d i lu te d  w ith  a  la rg e  
volume o f  f e r r ic y a n id e  s o lu t io n  and m odified  fo r  very  sm all 
sam ples o f 3 -  5 (W ells and D ales 1974). Oxygen eq u ilib riu m  
d a ta  were o b ta in ed  from th e  oxygen c o n ten ts  o f sam ples e q u i l ib ­
r a te d  w ith  gas m ix tu res  c o n ta in in g  p ro g re s s iv e ly  more oxygen to  
av o id  haemoglobin d é n a tu ra tio n  during  th e  e a r ly  s ta g e s  o f th e  
experim en t. Readings were talcen u s in g  a  Radiom eter E3046 e le c ­
t ro d e . The r e s u l t s  were an a ly sed  by lo g a rith m ic  tra n sfo rm a tio n  
acco rd in g  to  S i l l ' s  app rox im ation .
L abora to ry  experim ents on th e  to le ra n c e  o f C .c a p i ta ta  to  
low oxygen c o n c e n tra tio n s  were c a r r ie d  ou t in  co n ju n ctio n  w ith  
th e  p h y s io lo g ic a l s tu d y .
F i l t e r e d  a r t i f i c i a l  seaw ater (3 3 ° /oo ^) to  which a  l i t t l e  
s trep to m y cin  had been added was u sed  fo r  a l l  th e  experim en ts.
230 ml o f t h i s  seaw ater were p la ce d  in  a  1 l i t r e  Erlenm ayer
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f la s k  and n itro g e n  bubbled through fo r  s e v e ra l  hours to  reduce 
th e  oxygen te n s io n .  D esp ite  l i t e r a t u r e  r e p o r ts  to  th e  c o n tra ry  
(E eish  and E icliards 1$66) i t  was found to  be very  d i f f i c u l t  to  
o b ta in  very  low oxygen te n s io n s  by t h i s  method and in s te a d  a 
few c r y s ta ls  o f sodium s u lp h i te  were added. I t  i s  u n lik e ly  
th a t  t h i s  chem ical would have an adverse  e f f e c t  on th e  an im als 
s in c e , in  th e  p resen ce  o f oxygen, su lp h a te  io n s  a re  formed and 
th e  b u f fe r in g  p ro p e r t ie s  o f seaw ater should  m inim ise any e f f e c t  
on th e  pH. When th e  re q u ire d  oxygen te n s io n  was reached  (a s  
m easured w ith  a  Radiom eter E 3046 e le c tro d e )  te n  h e a lth y  worms 
were added to  th e  f la s k s  which were then  se a le d  w ith  P a ra film  
(G alle ii:am p). The f la s k s  were k ep t a t  13°C and a l l  b u t one 
were k ep t in  th e  d a rk . The o th e r  f la s k  was su b jec te d  to  l i g h t  
fo r  12 hours each day. The f la s k s  were examined a t  r e g u la r  i n t ­
e rv a ls  and th e  number o f dead worms n o ted . The experim ent was 
re p e a te d  once. The oxygen te n s io n  in  th e  v e s s e ls  was measured 
a g a in  a t  th e  end o f each experim en t.
4 .3 -2  R e s u lts .
The oxygen e q u ilib riu m  curve fo r  C .c a p i ta ta  i s  h y p e rb o lic  
and can be d e sc rib e d  by H i l l ' s  approxim ation  : -
lOOp /p 3 0
y = ---------- —
1 + P /p 5 0
where y = ^  haem oglobin
p = p a r t i a l  p re s su re  o f  0^ (mm Hg)  ^
p30  = v a lu e  o f  p a t  which th e  p ro p o r tio n  o f  oxyhaemoglobin 
and deoxyhaemoglobin a re  equal
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A linrear transformation of the data is given in Fig. 46, the slope of 
1.0 indicating a lack of haem-haem interactions. The oxygen combining
capacity of C.capitata blood was 3-4 vols % and there was a high affinity
' ' . . ■  ^2 
for oxygen, the p 50 being 3 mm Hg (0.4 kN m ).
The p Og of the interstitial water from the substrate inhabited by
C. capita ta at Warren Point was 8-12 mm Hg (1,1 -1,6 kN m ) as described
in section 3*3*1-4, The loading tension of the haemoglobin is thus well
matched to the availability of oxygen in the immediate environment.
Allowing for a modest diffusion barrier across the body wall\the p 50 at
equilibrium appears to be closely adjusted to the unloading p^  0^.
P e r i s t a l t i c  movement o f  th e  body w all a f fo rd s  some c i r c u l ­
a t io n  o f th e  r e s p i r a to r y  pigm ent (H affner 1930) and i s  evidence 
fo r  th e  p o s tu la te d  fu n c tio n  o f haemoglobin in  oxygen tra n s p o r t  
a t  low am bient pO^s. However, in  th e  p resen ce  c f  haemoglobin 
oxygen d if f u s e s  a t  a  r a t e  f a s t e r  th an  would be p re d ic te d  from 
th e  c o n c e n tra tio n  d if fe re n c e , and t h i s  ' f a c i l i t a t e d  d iffu s io n *  
(K reuzer 1970) i n p l ie s  th a t  th e  fu n c tio n s  o f  s to ra g e  and t r a n ­
s p o r t  a re  o v e rs im p lif ic a t io n s .  S ince C .c a p i ta ta  la c k s  a  spec­
i a l i s e d  re.:?p i r a  to ry  su rfa c e  th e  term  'd i f f u s iv e  t r a n s p o r t  ' 
u sed  by Manwell ( 1960a) may be more a c c e p ta b le . -
The d en a tu rin g  o f  th e  haem oglobin in  C .c a p i ta ta  was n o t 
s tu d ie d ,  b u t in  Notomastus l a t e r i c e u s  s p e c t r a l  an a ly se s  (u s in g  
a  DK2 spec tropho tom eter ) o f th e  denatu red  pigm ent suggested  
th e  fo rm ation  o f haem atin  and i t  i s  l i k e l y  th a t  a  s im ila r  p ro ­
ce ss  occurs when C .c a p i ta ta  haemoglobin i s  exposed to  a i r .
T his brown d e r iv a tiv e  was n o t observed in  th e  f i e l d .
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FIG, 46 Oxyp:en e q u ilib riu m  o f coelom ic c e l l  haemoglobin o f
C ,c a p i ta ta  u s in ^  the  l i n e a r ■tran s fo rm a tio n  lo ^  y  /1 0 0  -  y 
as  a fu n c tio n  o f  loR
10  • '
0 . 1,
100101
pO^ (mm Eg)
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The r e s u l t s  o f th e  oxygen to le r a t io n  t e s t s  a re  g iven  in  
Table 34. A lthough on ly  one worm d ied  in  th e  a i r  s a tu ra te d  
v e s s e ls  a l l  th e  worms showed a  change in  th e  co lou r o f  th e  
haem oglobin from re d  to  brown. The e x te n t o f  th e  change v a r ie d  
from worm to  worm. T his c o n tr a s ts  w ith  th e  f in d in g s  o f Mangum 
and Winkle (1973) who found no i l l - e f f e j t s  o f exposure to  h ig h  
oxygen le v e l s  in  t h i s  s p e c ie s .  Manwell ( I 960b) proposed th a t  
haem oglobin m ight fu n c tio n  by m ain ta in in g  low in te r n a l  pO^s 
th u s  p ro te c t in g  th e  t i s s u e s  from oxygen p o iso n in g  in  sp ec ie s  
l iv in g  in  p o o rly  oxygenated environm ents. The i n s t a b i l i t y  o f 
th e  haem oglobin from C .c a p i ta ta  and N .la te r ic e u s  under con­
d i t io n s  o f h ig h  oxygen le v e l s  su g g es ts  th a t  t h i s  i s  n o t th e  
case  fo r  c a p i t e l l i d s .
The worms showed a  h ig h  s u rv iv a l  r a t e  down to  very  low 
oxygen te n s io n s .  ’In  anoxic  c o n d itio n s , however, m o r ta l i ty  was 
f a i r l y  h ig h . T his i s  p o s s ib ly  due to  th e  experim en ta l p roced ­
u r e .  Under n a tu r a l  c o n d itio n s  t h i s  p o p u la tio n  o f  C .c a p i ta ta  
i s  s u b je c t  to  t i d a l  changes and encoun ters  p e rio d s  o f exposure 
when th e  pO^ o f  th e  i n t e r s t i t i a l  w ater i s  l i k e l y  to  f a l l .  With 
th e  incoming t i d e ,  however, th e  oxygen te n s io n  w i l l  r i s e  a g a in . 
Only r a r e ly  i s  a  s u b s tr a te  com pletely  anoxic  and in  th e se  cases 
th e re  i s  u s u a lly  no l i f e  a t  a l l  (R eish  1933» B e llan  19^7 ) .
R eish  ( 1966) c a r r ie d  ou t a  s im ila r  s e r ie s  o f experim ents 
on th e  to le ra n c e  o f low oxygen c o n c e n tra tio n s  by C .c a p i ta t a .
H is f ig u r e s  fo r  th e  a re  however r a th e r  h ig h  (l.^m g / l ) «
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U n fo rtu n a te ly  hrls experim ents were n o t c a r r ie d  ou t under con­
d i t io n s  o f c o n sta n t tem pera tu re  and th e  a d d it io n  o f  food mat­
e r i a l  to  th e  ex p erim en ta l v e s s e ls  m ight a f f e c t  th e  r e s u l t s .  
N ev erth e le ss  h i s  co n c lu sio n s  on th e  minimum cxygen c o n c e n tra tio n s  
n ecessa ry  fo r  s u r v iv a l ,  feed in g  and re p ro d u c tio n  a re  u s e f u l .
Rosenberg (1972) in v e s t ig a te d  th e  s iirv iv a l  o f  C .c a p i ta ta  
in  reduced  oxygen c o n d itio n s . He found th a t  80 % o f  th e  sample 
su rv iv ed  fo r  24 days a t  an oxygen c o n c e n tra tio n  o f 2 .1  mg / l  
and 30  su rv iv ed  fo r  13 days a t  1 .3  mg / l ,  a t  a  te n p e ra tu re  o f 
3 -  6°C. As s a l i n i t y  c o n d itio n s  were n o t g iven  i t  i s  d i f f i c u l t  
to  compare th e  r e s u l t s  d i r e c t ly  b u t i t  i s  i n t e r e s t in g  to  n o te  
th a t  C .c a p i ta ta  was more to le r a n t  th an  Polyphysia  c r a s s a , a  
p o ly ch ae te  a s s o c ia te d  w ith  s l i g h t l y  l e s s  p o l lu te d  c o n d itio n s .
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TABLE 34. The p ercen tag e  m o r ta l i ty  o f a d u lt  C«c a p i ta ta  sub­
je c te d  to  low oxygen te n s io n s .
Oxygen te n s io n Time (days)
(ram Eg) 0 1 3 7 .10 12 15 20 23 30 . 33
160 a i r  s a t . 0 0 0 0 0 0 ,0 10 10 10 10
(6 ppm)' dark 0 0 0 10 10 10 10 10 20 20 20
160 a i r  s a t . 0 0 0 d 0 0 0 0 0 10 10
(6 ppm )ligh t 0 10 10 10 10 10 10 10 10 10 10
2 0 10 10: 10 20 20 20 30 30 30
(0 .8  ppm) 0 0 0 0 0 0 20 20 20 20 30
1mm 0 60 60 70 70 70 80 100
(w ith  Na^SO^) 0 0 20 30 30 8C 90 90 90 100
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DISCUSSION.
The cosm opolitan  d i s t r ib u t io n  o f C .c a p i ta ta  im p lie s  th a t  i t  
i s  h ig h ly  ad ap tab le  to  a  wide range o f  environm ental v a r ia b le s .  
T his a d a p ta b i l i ty  could  be due to  th e  to le ra n c e  o f in d iv id u a l 
worms or to  th e  f le x ib le  g e n e tic  c o n s t i tu t io n  a llow ing  th e  s e l ­
e c t io n  o f a p p ro p r ia te  genotypes acco rd ing  to  th e  c o n d itio n s .
In  o rd er to  a s s e s s  th e  r e l a t i v e  imp or tan  .-e o f th e se  f a c to r s  
th e  e f f e c t  o f e x te rn a l  c o n d itio n s  on th e  d is t r ib u t io n  o f  th e  
sp e c ie s  i s  d iscu ssed  w ith  re fe re n c e  to  t h i s  in v e s t ig a t io n  and. 
to  th o se  o f p rev io u s  w orkers.
P a r t i c l e  s iz e  and a s s o c ia te d  param eters ap p a ren tly  e x e r t 
no marked e f f e c t  on th e  d i s t r ib u t io n  o f th e  s p e c ie s .  In  th e  
p o p u la tio n s  under s tu d y  C. c a p i ta ta  was found m ainly in  d e p o s its  
o f  f in e  sand b u t, a s  d iscu ssed  in  s e c t io n  o th e r  w orkers
have lo c a te d  i t  in  s u b s tr a te s  ran g in g  from mud (Barnard and 
R eish  1939» Hartman 194?) to  sand (Southward 1937)* Where 
p a r t i c l e  s iz e  does in f lu e n c e  th e  d is t r ib u t io n  o f a  sp ec ie s  
t h i s  can be due to  s e v e ra l  a s p e c ts .  F i r s t l y  th e  p o ro s i ty  o f 
th e  s u b s tr a te  w i l l  be r e l a t e d  to  th e  s iz e  o f  th e  p a r t i c l e s .
Webb ( 1938) d iscu sse s  th e  m athem atical r e la t io n s h ip s  between 
p a r t i c l e  s iz e  and p o ro s i ty  and h i s  work has been fo llow ed  up by 
W illiam s (1972). This i s  an im portan t f a c to r  fo r  i n t e r s t i t i a l  
fauna in h a b i t i r g  the  vo ids between sand g ra in s  b u t has l i t t l e  
d i r e c t  re le v an c e  fo r  th e  macro fau n a . However, the  pore  s iz e
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i s  d i r e c t ly  r e l a t e d  to  o th e r  p h y s ic a l  p ro p e r t ie s  o f  th e  sub­
s t r a t e ,  p r in c ip a l ly  th e  p e rm e a b ility  which a f f e c t s  th e  d ra in ­
age o f  w ater th rough  th e  d e p o s it .  T his in  t a r n  w i l l  in f lu e n c e  
th e  s t a b i l i t y  o f  th e  s u b s t r a te  which may l im i t  th e  d i s t r i b u t ­
io n  o f  c e r ta in  sp e c ie s  acco rd in g  to  t h e i r  a b i l i t y  to  form 
burrow s. 0 . c a p i ta ta  does n o t b u i ld  a  perm anent burrow l ik e  
t h a t  o f  A ren ico la  m arina , fo r  example (W ells 1943), b u t l i v e s  
in  tem porary m ucus-lined  tu b es  which a re  n o t a rran g ed  a t  any 
d e f in i t e  a n g le . Only b rooding  fem ales appear to  l i v e  in  
perm anent tu b es  and h e re  th e  mucus i s  s t i f f e n e d  by th e  adhes­
io n  o f  sand p a r t i c l e s  to  th e  o u te r  su rfa ce  o f  th e  tu b e .
Hartman ( 1947) re p o r te d  th a t  th e  p resen ce  o f C .c a p i ta ta  could  
be d e te c te d  by cone-shaped mounds above th e  en tran ce  o f th e  
burrows b u t I  have nevei? observed t h i s .  I t  i s  p o s s ib ly  r e l a t e d  
to  th e  f in e r  n a tu re  o f th e  s u b s t r a te .  w i l l  n o t g iv e  th e  •
su p p o rt n ecessa ry  to  m ain ta in  a  loo sely -fo rm ed  tube and under 
th e se  co n d itio n s  C .c a p i ta ta  may form more perm anent h a b i ta t io n s  
which a re  w e ll supported  by mucus.
The s iz e  o f th e  p a r t i c l e s  i s  a ls o  c lo se ly  r e l a t e d  to  th e  
o rg an ic  c o n te n t. Newell (19^3) and Longbottom (1970) showed 
a  p o s i t iv e  c o r r e la t io n  between p a r t i c l e  s iz e  and o rg an ic  con­
t e n t  which they  concluded i s  due to  th e  in c re a se d  su rfa c e  a re a  
a llo w in g  a g re a te r  growth o f  m icro-organ ism s. Furtherm ore, 
d e t r i t u s  i s  more l i k e ly  to  s e t t l e  ou t w ith  th e  l i g h t e r ,  sm a lle r  
m in e ra l p a r t i c l e s ,  which a u to m a tic a lly  make th e se  p o te n t ia l ly  
r i c h e r  in  food m a te r ia l .
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The organic co n ten t i s  undoubtedly  an im portan t f a c to r  
a f f e c t in g  th e  d i s t r ib u t io n  o f C .c a p i t a t a . The s i t e s  examined ; 
in  t h i s  s tudy  were a l l  very  r i c h  in  o rgan ic  carbon in  th e  
g rad es  o f s u b s tr a te  a v a i la b le  to  th e  sp ec ie s  and th e  e s tim a te s  
o f a s s im ila b le  o rgan ic  m a tte r  a re  a ls o  very  h ig h , (1 .3  %)m 
The only  d i r e c t ly  comparable f ig u re s  a re  th o se  o f  George 
(1964a) who found th a t  0 .4 4  % o f th e  s u b s tr a te  was d ig e s t ib le  
by C irr ifo rm ia  te n ta c u la ta . P rev ious workers only  g ive  th e  
t o t a l  o rg an ic  co n ten t o f th e  s u b s tr a te  b u t in  view o f  th e  h e t ­
e ro g e n e ity  o f  th e  d e p o s its  a t  Warren P o in t i t  i s  v i r t u a l l y  
im p o ssib le  to  compare t h e i r  r e s u l t s .
One im p o rtan t fe a tu re  o f i n t e r e s t  i s  th e  n a tu re  o f  th e  
o rg an ic  m a te r ia l .  Longbottom (19?0) concluded th a t  m icro­
organism s were th e  main food source fo r  A ren ico la  m arina a t  
W h its tab le  and George (1984a) p roposes a  s im ila r  id e a  fo r  
G irr ifo rm ia  te n ta c u la ta . Both th e se  sp ec ie s  feed  on th e  sur.-r 
fa c e  la y e r  o f  th e  sand w hereas C. c a p i ta ta  has no mechanisms 
f o r  t h i s  behav iour, and i s  lim iv o ro u s .
Pearson (1972) and Bagge ( 1989a ) bo th  a s s o c ia te  th e  p re ­
sence o f  th e  sp ec ie s  w ith  la y e r s  o f  r o t t i n g  v e g e ta tio n . The 
a b i l i t y  o f  C .c a p i ta ta  to  u t i l i s e  t h i s  m a te r ia l  as  a  food 
sou rce  p robab ly  c o n tr ib u te s  to  i t s  ex ten s iv e  b reed in g  p e r io d . 
However, i t s  d ig e s t iv e  physio logy  does n o t show any.m arked 
a d a p ta tio n  to  a  d ie t  o f  d e t r i t u s .  H ylleberg  (1972) in v e s t ig ­
a te d  th e  carbchydrases o f v a rio u s  in v e r te b ra te s  ivjith a view to
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r e l a t i n g  th e se  i-o th e  food . A lthough th e  o v e ra l l  r o le  o f 
th e  enzymes in  m etabolism  rem ains unknown H y lleberg  concluded 
th a t  b u lk  d eg rad a tio n  o f s t r u c tu r a l  p o ly s a c c l^ id e s ,  such a s  
c e l lu lo s e ,  does n o t o ccu r. S ev e ra l o f  th e  an im als under i n ­
v e s t ig a t io n  were found to  c o n ta in  a  c e l lu la s e  and Yokoe and 
Yasamasu (1964) b e lie v e  them to  be w idespread amongst in v e r t ­
e b ra te s .  However th e se  enzymes a re  thought to  need s e v e ra l  
hou rs  to  a t ta c k  t h e i r  s u b s tr a te  and th e  ps.ssage o f th e  food 
th rough  th e  g u t . i s  a lm ost c e r ta in ly  too  ra p id  f o r  much d ig ­
e s t io n  to  o ccu r. A lthough r a th e r  s u p e r f ic ia l  in  n a tu re  th e  
r e s u l t s  o f  th e  p re s e n t s tudy  show thab  C .c a p i ta ta  does n o t 
p o sse ss  a  c e l lu la s e  and cannot th e re fo re  a t ta c k  th e  dead p la n t  
m a te r ia l  making up d e t r i t u s .  Because o f t h i s  i t  must in g e s t  
v a s t  q u a n t i t ie s  o f th e  s u b s tr a te  in  o rder to  o b ta in  s u f f i c i e n t  
fo o d . The ap p aren t p re fe re n c e  fo r  decaying v eg e tab le  m a tte r ■ 
i s  presum ably r e l a t e d  to  th e  r i c h  source o f nu trim en t th a t  i t  
p ro v id e s  fo r  th e  m icro-organ ism s.
The in f lu e n c e  o f s a l i n i t y  on th e  d i s t r ib u t io n  o f C .c a p i ta ta  
has been d iscu ssed  in  some d e t a i l  in  s e c tio n s  and 4 .2 .3 .
The sp e c ie s  i s  found under a  wide range o f s a l i n i t i e s  from al>- 
most f r e s h  w ater to  f u l l  s t r e n g th  seaw ater, a lth o u g h  th e re  i s  
some evidence th a t  reduced  s a l i n i t i e s  a re  p re fe r r e d .  Thus 
Hartman ( I9 6 la )  b e lie v e d  th a t  i t s  occurrence in  la rg e  numbers 
to  th e  ex c lu s io n  o f o th e r  p o ly ch ae te  sp e c ie s  in d ic a te d  c o n d it-
lo n s  reduced  s a l i n i t i e s  in  th e  deep canyons o f f  C a l ifo rn ia  
and th e re  a re  many re c o rd s  o f  i t s  occurrence  in  e s tu a r ie s
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( e .g .  M acg in itie  1933» S c o tt e t  a l .  1932 and E s tco u rt I 9C7 ) .  
N ev erth e le ss  i t s  r e l a t i v e  r a r i t y  in  h ig h e r s a l i n i t i e s  may be 
due to  i t s  i n a b i l i t y  to  compete w ith  o th e r  sp e c ie s  r a th e r  than  
an a v e rs io n  to  th e  s a l i n i t y  c o n d itio n s  them selves. For exanple 
i t  i s  very  common in  th e  p o l lu te d  w aters  o f l iv o rn o  harbour 
(33°/ooS) where o th e r  sp e c ie s  a re  unab le  to  c o lo n is e .(C o g n e tti
1972).
In d iv id u a l worms do n o t show such a  '<fide to le ra n c e  o f  s a l ­
i n i t y  c o n d itio n s  (a lth o u g h  they  a re  r e a d i ly  acc lim a ted  to  d i f f ­
e re n t  c o n c e n tra tio n s  o f  seaw ater) and th e  eu ry h a lin e  n a tu re  o f  
th e  sp e c ie s  i s  p robab ly  due to  i t s  g e n e tic  f l e x i b i l i t y .
Tem perature may p la y  an im p o rtan t p a r t  in  l im i t in g  th e  
sp read  o f C .c a p i t a t a . T o lerance experim ents ( s e c t io n  4 .2 .1 )  
showed th a t  th e  Warren P o in t p o p u la tio n  succumbed a t  a  f a i r l y  
low te m p e ra tu re . With a cc lim a tio n  th r s  could p robab ly  be r a is e d  
b u t th e  w orld d i s t r ib u t io n  o f th e  sp e c ie s  and i t s  re p ro d u c tiv e  
b io lo g y  su g g es t th a t  i t  i s  e s s e n t i a l ly  a  co ld  w ater s p e c ie s .
I t  i s  very  w idely  d is t r ib u te d  a long  th e  c o a s ts  o f  n o rth e rn  
Europe and N orth America and in  th e  so u th ern  hem isphere i t  oc­
c u rs  in  th e  co ld  A n ta rc tic  w a te rs . I t s  e x ten s iv e  b reed in g  
season  in  th e  h ig h e r l a t i t u d e s  in d ic a te s  th a t  co ld  tem p era tu res  
do n o t in h ib i t  i t s  re p ro d u c tiv e  p o t e n t i a l .  N ever.lheless pop­
u la t io n s  do occur in  th e  warmer tem perate  w a te rs , e s p e c ia l ly  
around th e  Americas, and i t  i s  o f  i n t e r e s t  to  n o te  t h a t  riany 
o f  th e  v a r i e t i e s  d e sc rio ed  a re  from t h i s  re g io n  and i t  i s  p o s s -
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i b l e  th a t  a d a p ta tio n  to  higher, tem p era tu res  accoun ts  fo r  bhe 
d if f e r e n c e .
The r e la t io n s h ip  o f  C .c a p i ta ta  to  low oxygen environm ents 
h as been w idely  d iscu ssed  and i s  th e  b a s is  o f i t s  use  a s  an 
in d ic a to r  o f p o llu te d  c o n d itio n s . L aboratory  experim ents 
in  th e  p re s e n t s tudy  in d ic a te  a  h ig h  to le ra n c e  o f low oxygen 
co n d itio n s  b u t t h i s  i s  p a r a l l e l l e d  by o th e r sp e c ie s , n o t gen­
e r a l l y  a s s o c ia te d  w ith  p o o rly  oxygenated h a b i ta ts  (Theede e t  
a l .  1969)* R eish  has made a  very  d e ta i le d  s tudy  o f  th e  t o l ­
e rance  o f th e  sp e c ie s  to  low oxygen c o n ce n tra tio n s  ( 1966 , 1970) 
and r e l a t e s  th e  r e s u l t s  to  f i e l d  c o n d itio n s  (R eish  1939» 19^0 
and R eish  and B arnard I 960 ) .  However, as  liiu s  ( I 967) p o in ts  
o u t, h i s  f in d in g s  do n o t in d ic a te  a  marked to le ra n c e  o f low 
oxygen le v e l s  and indeed  Neanthes a re n a :e o d e n ta ta  and D o rv ille a  
a r t i c u l a t a , sp e c ie s  which R eish  a s s o c ia te s  w ith  h is  sem i-p o llu te d  
zone, show a  h ig h e r to le ra n c e  th an  C .c a p i ta ta  which occurs in  
th e  most p o llu te d  zone. A lso, R eish  ( I 966) p o in ts  out th a t  
f i e l d  measurements in d ic a te  a  low er to le ra n c e  le v e l  th an  th e  
la b o ra to ry  t e s t s  would su g g est b u t r e f l e c t s  th a t  t h i s  could 
be due to  d i f f i c u l t i e s  in  sam pling . I n te r p r e ta t io n  o f th e  oxy­
gen eq u ilib riu m  curve i s  d i f f i c u l t  because o f th e  la c k  o f  i n ­
fo rm ation  on d if fu s io n  b a r r i e r s  w ith in  th e  worm b u t i t s  h ig h  
oxygen a f f i n i t y  and i t s  h y p e rb o lic  n a tu re  (a  fe a tu re  ty p ic a l  o f 
c e l l u l a r  haemoglobins in  p o ly c h ae te s)  suggest th a t  i t  i s  w e ll 
ad ap ted  to  low oxygen te n s io n s . However th e  c h a r a c te r i s t i c s  
o f  th e  curve a re  no t markedly d i f f e r e n t  from th o se  o f
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Notomastus l a t e r i c e u s , a  sp e c ie s  seldom a s s o c ia te d  w ith  p o llu te d  
environm ents (W ells and Wai'ren, in  p r e s s ) .
In  f a c t  any d i r e c t  r e la t io n s h ip  ':o p o l lu t io n  i s  r a th e r  
d o u b tfu l, a lth o u g h  numerous w orkers have reco rd ed  i t s  p resence  
in  p o llu te d  c o n d itio n s , n o ta b ly  R eish  (1936, 1937), G ile t  ( I 960) ,  
C la rk  and Dawson ( I 963 ) ,  H enriksson ( 1968) ,  Bagge ( 1969&), C rip - 
pen and R eish  ( 1969) ,  Rosenberg (1972) and Wade e t  a l .  (1972).
The p o l lu t io n  i s  u s u a lly  o f  an o rgan ic  n a tu re  r e s u l t in g  
from dom estic w astes , paper p ro d u c tio n  e t c . ,  and i t s  main e f f e c t  
i s  to  low er th e  oxygen te n s io n . C .c a p i ta ta  has o f te n  been a s s ­
o c ia te d  w ith  th e se  co n d itio n s  and i s  known to  occur where th e  
oxygen i s  reduced  ( e .g .  R eish  I 963 , C ognetti 1972). However, 
a s  d iscu ssed  above, i t s  r e s i s ta n c e  to  low oxygen le v e l s  i s  n o t 
rem arkable and o th e r  f a c to r s  must be in v o lv ed . A to le ra n c e  o f 
hydrogen su lp h id e  may be im p o rtan t and s e v e ra l  w orkers have re p ­
o r te d  i t s  p resence  in  a re a s  r i c h  i n  t h i s  con^oind (Jacobuva and 
Naim 1931 and Wohlenberg 1937). Theede (1973) has s tu d ie d  th e  
e f f e c t  o f su lp h id e  io n s  on th e  s u rv iv a l  of c e r ta in  p o ly ch ae te s  
in  anoxic  co n d itio n s  and has shown th a t  th o se  sp e c ie s  to le r a n t  
o f  low oxygen le v e ls  ten d  to  be more r e s i s t a n t  to  hydrogen sulphii- 
id e .  Work o f a  s im ila r  n a tu re  i s  be ing  undertaken  a t  th e  p re s e n t 
tim e and i t  w i l l  be i n t e r e s t in g  to  know th e  to le ra n c e  o f  
C .c a p i ta ta  to  th e  compound.
C .c a p i ta ta  i s  seldom a s s o c ia te d  w ith  o th e r p o l lu ta n ts
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a lth o u g h  i t  i s  u sed  e x te n s iv e ly  a s  a  t e s t  organism., (R eish  1973)* 
Thus Sanders e t  a l .  (1972) no ted  i t s  s e n s i t i v i t y  to  o i l  and 
B ellan  e t  a l .  (1972), in v e s t ig a t in g  th e  in f lu e n c e  o f o i l  d e te r ­
g en t on i t s  l i f e  h i s to r y ,  found a  marked adverse  e f f e c t .  R eish  
e t  a l .  ( 1974) -found s im ila r  s u h le th a l  e f f e c t s  from heavy m eta l 
p o iso n in g . In  th e  p re s e n t s tudy  C .c a p i ta ta  w ith stood  1 ppm 
mercury fo r  s e v e ra l  days. S im ila r  c o n c e n tra tio n s  o f t h i s  m etal 
have been ,found  o f f  La J o l l a  where th e  sedim ent con ta ined  0 .02  
-  1 .0  ppm acco rd in g  to  th e  d is ta n c e  from a  sewage o u t f a l l  
(K le in  and Goldberg 1970). The average c o n ce n tra tio n  in  th e  
w orld  oceans up to  r e c e n t  tim es i s  0.00003 ppm (K rauskopf 1936).
The a s s o c ia t io n  between C .c a p i ta ta  and re g io n s  o f p o l lu t io n  
h as le d  to  i t s  b e in g  used  a s  an in d ic a to r  o f  such c o n d itio n s .
The concept o f  in d ic a to r  sp e c ie s  fo r  p o llu te d  co n d itio n s  was 
f i r s t  dev ised  by G aufin and T arzw ell (1932) fo r  fresh w ate r eco­
system s. They gave th e  fo llo w in g  c r i t e r i a  fo r  th e  u se  o f  in d ­
ic a to r  s p e c ie s :  -
1 . A la rg e  number o f in d iv id u a ls
2 . A low sp e c ie s  d iv e r s i ty
3 . A scavenging mode o f  l i f e
4 . E ith e r  a  to le r a t io n  o f low oxygen co n d itio n s  or a  
s u i ta b le  a d a p ta tio n  to  such c o n d itio n s
As e a r ly  as  I 916 W ilhelmi proposed a  s im ila r  fu n c tio n  fo r  
C .c a p i ta ta  in  m arine environm ents. By d iv id in g  a  p o llu te d  .area
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in to  zones acco rd ing  to  th e  degree o f  p o l lu t io n  i t  i s  p o s s ib le  to  
s e le c t  c e r ta in  sp e c ie s  ty p ic a l  o f each zone and u se  them to  in d ­
ic a t e  p o s s ib ly  p o l lu te d  w aters  .e lsew h ere . This p r a c t ic e  has be­
come w idespread in  s tu d ie s  o f m arine p o l lu t io n .  In  1933 R eish  
d iv id ed  th e  Los Angeles-Long Beach harbour system  in to  f iv e  zones 
w ith  C .c a p i ta ta  a s  th e  in d ic a to r  o f th e  p o llu te d  zone. He r e f e r s  
to  th e  in d ic a t iv e  use o f th e  sp e c ie s  ag a in  in  I 96O and in  I 967 
B ellan  proposed a s im ila r  zoning arrangem ent fo r  th e  harbour a t  
M a rs e il le s .  Again th e  p resence  o f C .c a p i ta ta  in d ic a te d  th e  p o l­
lu te d  zone. C o g n e tti (1972) d iv id ed  Livorno harbour in to  re g io n s  
o f  p o l lu t io n  acco rd in g  to  c e r ta in  physico -chem ical c h a r a c te r i s t i c s  
b u t was im pressed  by th e  uneven d i s t r ib u t io n  o f  po ly ch ae te  sp ec ie s  
in  p o l lu te d  c o n d itio n s . C .c a p i ta ta  assumed the  same r o le  a s  in  
p re v io u s  s tu d ie s  b u t he n o ted  th a t  c e r ta in  o th e r sp e c ie s  n o t 
norm ally  a s s o c ia te d  w ith  p o l lu te d  co n d itio n s  were a ls o  p re s e n t .
One o f  th e s e , S y ll id e s  e d e n tu la , has a  m odified  l i f e  h is to r y  and 
e lim in a te d  th e  p e la g ic  l a r v a l  s ta g e .  C o gnetti sp e c u la te s  th a t  
p e n e tr a t io n  o f  p o l lu te d  environm ents by any g iven  sp ec ie s  i s  dep­
endent on th e  genotypes in  th e  p o p u la tio n  concerned and where th e  
n e ce ssa ry  a d a p ta b i l i ty  i s  n o t p re s e n t  c o lo n is a tio n  cannot o ccu r. 
Rowe e t  a l  (1972) show s im ila r  id e a s  in  r e l a t i n g  p o l lu t io n  in d ic ­
a to r s  to  *r* and s e le c te d  s p e c ie s , where ^r* s e le c t io n  r e f e r s  
to  th e  e f f e c t s  o f th e  p h y s ic a l environm ent and *k* i s  a  c o n sta n t 
r e l a t i n g  to  o v e ra l l  i n d iv id u a l . f i tn e s s  (MacArthur and W ilson 1967). 
C .c a p i ta ta  f i t s  most c lo s e ly  in  th e  *r* s e le c te d  group o f  s p e c ie s .
G ra ss le  and G rassle  (1974) have fo llow ed  up t h i s  id e a  in  g re a t
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d e t a i l  • They b e lie v e  th a t  C .c a p i ta ta  i s  a  ty p ic a l  o p p o r tu n is tic  
sp e c ie s  a s  d e fin ed  by Mozley ( I 960) and by W ilson and B o sse rt 
( 1971) and i s  a b le  to  p e n e tr a te  a  wide v a r ie ty  o f h a b i ta t s  be­
cause o f  i t s  g e n e tic  f l e x i b i l i t y .  Th:-'s th e  g en o ty p es .o f C .cap­
i t a t a  a re  s u f f i c i e n t ly  p l a s t i c  fo r  i t  to  adap t to  most env iron ­
m ental c o n d itio n s . I t s  p resen ce  in  p o llu te d  a re a s  does n o t, 
th e re fo re ,  mean th a t  i t  favou rs such c o n d itio n s , m erely th a t  i t  
i s  a b le  to  ad ap t r e a d i ly .
I t s  a b i l i t y  to  w ith s tan d  a  wide v a r ie ty  o f environm ental . 
c o n d itio n s  i s  undoubtedly  im p o rtan t in  determ in ing  i t s  d i s t r i b ­
u t io n  and p a r t l y  accoun ts  fo r  i t s  p resence  in  p o llu te d  a r e a s .  
However, i t s  re p ro d u c tiv e  b io lo g y  i s  re sp o n s ib le  fo r  i t s  app­
a re n t  p re fe re n c e  fo r  such c o n d itio n s . I t  i s  a  sp ec ie s  which can. 
produce very  many eggs, in  some cases throughout th e  y e a r , and 
t h i s ,  coupled w ith  i t s  brood beh av io u r, enab les i t  to  r a p id ly  
c o lo n ise  a  new :environm ent. The a b i l i t y  to  produce ben thon ic  
la r v a e ,  p o s s ib ly  in  response  to  ad v erse  c o n d itio n s  (H enriksson 
1969) and h e rm ap h ro d itic  re p ro d u c tio n  where p o p u la tio n  numbers 
a re  low, i s  a ls o  im portan t h e re . But t h i s  can only occur where 
com p etitio n  from o th e r sp e c ie s  i s  a t  a  minimum. L arva l p r o te c t ­
io n  and th e  c o n c e n tra tio n  o f  a l l  th e  an im als in  one a re a  makes 
th e  p o p u la tio n  h ig h ly  s u s c e p tib le  to  p re d a tio n , and com petition  
fo r  food w i l l  a ls o  l im i t  i t s  p o t e n t i a l .  N ev erth e le ss , C .c a p i t -  . 
a t a 's  s l i g h t  advantage in  to l e r a t in g  adverse  c o n d itio n s  enab les 
i t  to  tak e  over whole a re a s  very  q u ic k ly . . Very la rg e  d e n s i t ie s  
have been reco rd ed  ran g in g  from 93,355 -  451,000 p e r square  m etre
(U .S . Department o f th e  I n t e r io r  I 967 , Caspers 1964). However, 
re p e a te d  sam pling o f a  p o l lu te d  environm ent shows th a t  t h i s  
c o n d itio n  i s  n o t perm anent. As o th e r  sp e c ie s  appear, a  succ­
e ss io n  can be d e te c te d  in  which C .c a p i ta ta  g ra d u a lly  d isap p ea rs  
(R eish  1962 and R osenberg '1973)* This i s  norm ally  tak en  to  
in d ic a te  an abatem ent o f  p o l lu t io n  b u t t h i s  i s  n o t n e c e s s a r i ly  
th e  c a se . Bagge ( 1969b) s tu d ie d  th e  su ccess io n  o f  fauna in  
p o l lu te d  e s tu a r in e  h a b i ta t s  and ag a in  d isco v ered  C .c a p i ta ta  as  
an e a r ly  c o lo n is e r .  However, a s  o th e r  sp ec ie s  in tru d e d  th e  num­
b e rs  o f  C .c a p i ta ta  were n o t d im in ished  and th e  sp e c ie s  p lay ed  
an im p o rtan t r o le  in  th e  clim ax communities form ing a  dominant 
a s s o c ia t io n  w ith  e i th e r  S c o le le p is  fu l ig in o s a  or Polydora 
c i l i a t a . In  a  d is c u s s io n  o f t h i s  paper M ileikovsky (Bagge 1969b) 
sheds doubt on th e  u s?  o f  C .c a p i ta ta  as  an in d ic a to r  o f p o llu te d  
c o n d itio n s  s in c e  i t  a ls o  occurs in  c lean  s u b s tr a te s  and th e  im­
p o rta n c e  o f co n s id e rin g  th e  whole community, r a th e r  than  a  few 
i s o la te d  sp e c ie s , i s  em phasised. O ther w orkers have q u estio n ed  
th e  u se  o f  C .c a p i ta ta  a s  an in d ic a to r  sp e c ie s  (liiu s  I 967 and 
W olff 1973) and E agle and Rees ( 1967) show th e  need fo r  cau tio n  
in  in te r p r e t in g  f i e l d  o b se rv a tio n s . Wass ( I 967 ) d isc u sse s  th e  
o v e ra l l  r o le  o f in d ic a to r  sp e c ie s  and s t r e s s e s  th e  need to  con­
s id e r  th e  community a s  a  w hole.
A p ic tu r e  o f C«c a p i ta ta  a s  a  sp e c ie s  w ith  a  g re a t  p o te n t i a l  
f o r  a d a p ta tio n  i s  em erging. T his accoun ts  fo r  i t s  d i s t r ib u t io n  
in  a  v a r ie ty  o f  h a b i ta t s  and e x p la in s  th e  v a r ia t io n  seen  from
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p o p u la tio n  to  p o p u la tio n . The d i f f i c u l t i e s  encoun tered  in  ta x ­
onomic s tu d ie s  o f C .c a p i ta ta  a ls o  r e f l e c t  th e  extrem e g e n e tic  
v a r i a b i l i t y .  The mechanisms o f  i t s  a d a p ta b i l i ty  a re  a t  p re s e n t 
p o o rly  understood  b u t th e  u se  o f  e le c tro p h o re t ic  tech n iq u es  by 
G rass le  and C hassie  (1974) has thrown some l i g h t  on t h i s  p ro b ­
lem . The p o te n t ia l  fo r  fu r th e r  re s e a rc h  in  t h i s  f i e l d  i s  g re a t  
and i t  i s  to  be hoped th a t  i n t e r e s t  in  th e  to p ic  w i l l  be m ain t­
a in e d .
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APPENDIX 3 . Data from orp^anic carbon a n a ly sa s .
Organic C (g) Weight (g) Weight ~(g) Weight Cg)
Sample W & B value subsample s iev e  sample Organic C in  s iev e
01 a 0.0104? 1.4629 108.7416 0 .7782
b 0.02088 0 .5814 4.9115 C .I763
c + d 0.00879 0 .2813 0.5465 0 .0170
02 a i 0.02145 1.5454 ' 29.9656 0.4159
ao 0.03031 0.2108 10.0906 1 .4504
b 0.00675 0 .6335 9 .4454 0 .1006
c 0.01098 0.3081 0.8623 0.0243
d 0.01826 0.4851 4.1020 0 .1594
03 a i 0.19320 1.6685 15.5588 0.1546
ao 0.01565 0 .0975 9 .6024 1.5563
' b 0.01239 1.1705 7 .5114 0.0795
c 0.01176 0 .3962 0.9255 0 .0272
d 0 .01603 0.3851 4.9708 0 .2069
04 a i 0 .00717 1.5835 55.7212 0 .2523
a5 0 .09144 0 .0 9 7 4 6.1063 1.2187
b 0.00588 0 .6355 11.0318 0 .1 0 2 3
. c 0.01104 0 .3516 0 .8666 0 .0272
d 0.01592 0 .4260 2.9868 0 .1116
Wh a i 0.00782 1.7215 59 .7509 0 .2706
ao 0.03599 0.2416 5.1479 0.7242
b 0 .00126 0 .5587 6.8971 0.0161
0 0.00468 0 .1 5 9 4 0 .2955 0 .0086
d 0 .01403 0 .3622 0.4951 0.0191
Eh a 0 .02339  . 1.3542 67.9905 1 .1922
b 0 .00547 0 .4219 12.6057 0 .1 6 3 2  •
0 0 .01129 0 .5610 1.5109 0.0471
d 0.01518 0 .5613 1.1525 0.0311
a i  = m inera l m a te r ia l  r e ta in e d  by la rg e  s iev e   ^ y
ao -  p la n t  and s h e l l  m a te r ia l . r e ta in e d  by la rg e .s ie v e  
b = medium s iev e  (0 .125 -  0 .5 )  c = f in e  s iev e  (0 .0 6 2  -  0 .125) 
d = subsieve  sample ( (  0 . 062) '
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APPENDIX 5 . Leiyp-ths o f l a r v a l  C .c a p i ta ta  k ep t a t  d i f f e r e n t  te m p e ra tu res .
Lengths a re  g iven  in  m icrom eter eyep iece d iv is io n s .  One d iv is io n  i s  
equal to  13*9/im . H ie  mean le n g th s  a re  a%so given  i n / m .
a .  10 C F i r s t  experim ent.
Time (days)
0 5 5 7 8 12
7 .5 9 .0 9 .0 9.1 9 .9 10 .5
7 .0 8 .9 10.3 9 .5 9 .5 10.6
7 .5 8 .8 9 .5 10.3 9 .0 10 .3
8 .1 8 .2 10.0 8 .4 10.0 10.1
8 .0 9.1 8 .5 • 9 .5  ; 9 .5  • 9 .9
9 .0 8 .9 8 .8 9 .5 9 .4 9 .7
9 .0 9 .0 8 .5 10.3 9 .5 10.1
8 .9 8 .7 10.0 9 .7 9 .7 10.7
9.Ô 9 .0 10.0 9 .6 10.1 10.1
7 .9 8 .3 9 .0  , 9 .2 9 .6 10.0
x=8.19 8.79 9.46 9.55 9 .6 0 10.10
=113 .§?uii 122.']/um 151.qua 132 . ^um 133. ^um l40.3um
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b . 10 C Second experim en t.
Time (days)
0 2 3 5 7 9 12 15
7 .7 7 .8 8 .4 8 .5 8 .3 7 .5 9 .0 10.3
7 .3 7 .6 7 .5 8 .9 8 .7 1 0 .0 10.1 10.1
7 .0 9 .0 8 .4 8 .5 9 .3 9 .0 9.1 9 .5
7 .9 8 .6 8 .0 9 .0 9 .0 .1 0 .0 9 .5 9 .7
' 8 .1 8 .3 8 .8 8 .3 8 .7 9 .0 9 .0 10.3
7 .9 7 .5 8 .6 8 .3 1 0 .0 1 0 .0 10.1 10.1
8 .3 8 .0 8 .3 9.1 8 .0 9.1 9 .5 10 .6
7 .9 8 .0 7 .5 8 .3 8 .3 8 .5 9 .5 915 ;
7 .0 7 .8 8 .0 8 .1 9 .2 9 .0 9.1 9 .8
7.1 8 .4 8 .8 8 .1 8 .6 9.1 9 .0 1 0 .0  Î
x=7.63 7 .8 0 8.23 8 .35 8 .83 9 .12 9.39 10.01
=106 . 3jim 109 . 8;m 1 l 4 . ^  1l 8 . 8|im 123 . Qm 126 . 130. 3;m 139 . 1;im
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APPENDIX 5 . Cont.
c . 13 C F i r s t  experim ent.
0 2
rime (days) 
3 3 7
8 .1 8 .3 9 .0 10 .3 9 .9
7 .6 8 .3 8 .3 1 0 .3 10 .3
8 .3 7 .9 9 .3 8 .4 1 0 .3
8 .2 8 .7 9 .9 9 .0 11 .8
8 .6 8 .6 8 .4 9 .8 1 0 .3
8 .2 8 .4  - 9.1 1 0 .0 1 1 .3
8 .1 8 .8 9 .8 10 .0 1 0 .3
8 .0 8 .8 8 .3 9 .8 1 2 .0
8 .0 9 .0 9 .0 9 .7 9 .9
7 .5 8 .2 8 .8 9 .6 9 .3
x=8 ,o 6 
=112 . Qom
8 .3 0
1l 8 . 1^ ra
9 .0 3
123 .
9 .73
133 .
10 .64
147 . Qnm
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d . 13 0 Second experim en t.
Time (days)
0 3 3 7
8 .6 8 .0 9 .0 9-9
8 .1 7 .9 9 .9 IC .3
8 .0 10 .3 1 0 .0 10 .3
7 .9 9 .9 1 0 .7 11 .3
8 .3 9 .9 1 0 .2 10 .3
.8 .7 9 ,2 10 .0 11 .0
8 .3 8 .9 10.3 11.7
8 .1 1 0 .0 9 .1 IÔ.3
8 .1 9 .0 9 .3 10.3
8 .8 9 .0 9 .3 10.7
x=8.31 9 .2 3 9 .8 2 10.61
=1 1 3 .4  pm 128.1  /im 136 . 4 /m
■
147 .4  /m
1
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e . 20 C F i r s t  experim ent,
0
T]
2
ime (days)
5 7 9
7 .5 8 :9 9 .0 9 .7 1 0 .3  .
8 .1 8 .1 8 .7 9 .8 10.1
8 .3 8 .3 9 .6 1U.1 9 .0
8 .3 8 :3 9 .3 9 .0 9 .1
8 .3 8 :0 9 .5 9 .0 9 .7
8 .1 9 :2 9 .1 8J3 9 .8
8 .1 8 .1 9 .1 9 .6 9 .3
8 .2 8 .2 8 .9 9 .5 9 .9
8 .4 8 .3 9 .2 9 .3 9 .9
8 .6 8 .6 9 .1 9 .8 9 .6
5^8.23 8 .42 9 .1 5 9.46 9 .6 7
=114.2 ^ 116 .9  yum 127.1  Aim 131.4/um 134 .3  Aim
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f .  20 C Second experim ent.
Time (days)
0 2 5 7 9
8 .2 9 .0  • 8 .3 9 .2
7 .9 8 .2 8 .7 8 .6 9 .5
7 .6 7 .5 8 .2 8 .7 8 .6
8 .3 8 .0 8 .3 9 .2 8 .7
8 .3 8 .1 8 .3 8 .8 8 .9  '
8 .3 8 .0 8 .3 8 .0 8 .8
8 .1 8 .0 8 .1 9 .4 8 .9
8 .2 8 .0 8 .2 9 .3 9 .2  .
8 .2 7 .7 8 .4 9 .0 9 .1
8 .2 8 .0 8 .4 9 .0 8 .6
x=8.17 8 .0 3 8 .3 8 8 .9 8 8 .95
=113 .3  /im 111 .9  Min 116 ,3  /urn 1 2 4 .7 /im 124.3 pm
